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Iowa Department of Natural Resources 
Solid Waste Section 
Wallace State Office Building 
Des Moines, Iowa 50319 

Re: Former Sheller-Globe Facility 
Keokuk, Iowa 

Dear Mr. Thayer: 

Woodward-Clyde Consultants 

Enclosed for your review is the Phase III Site Assessment Report for the former 
Sheller-Globe facility located at 3200 Main Street, Keokuk, Iowa. Woodward-Clyde 
Consultants (WCC) is submitting the report on behalf of our client, Sheller-Globe 
Corporation. The report presents the results of the field investigation at the location 
of the former underground storage tanks conducted in May and June, 1991. 

If you have any questions regarding the report, please direct them to Mr. Brian 
Yeich at United Technologies Corporation. He can be reached at (203) 728-7622. 

Very truly yours, 

~(}.~ 
David A. Dods 
Project Engineer 
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1.0 

INTRODUCTION 

This report presents the results of the Phase III Site Assessment of the former 

underground storage tanks at the former Sheller-Globe facility located at 3200 Main 

Street in Keokuk, Iowa. This investigation was the third phase of field work conducted 

since the tanks were removed in October 1989. 

Previous investigations were conducted to identify site conditions, the nature of 

contamination, and define the site hydrogeology. The previous investigations focussed 

primarily on the fill material in the vicinity of the tank excavation. The goals of this 

investigation were to: 

• Evaluate groundwater flow directions and contamination in the 
native soils underlying the fill material where the tanks were 
located; 

• Further evaluate the presence of remammg contamination in 
shallow fill material in the vicinity of the former tanks; 

• Evaluate the presence of other sources of solvent contamination in 
the fill materials; and 

• Evaluate the hydraulic characteristics of the native aquifer 
materials. 

The field investigation was conducted by Woodward-Clyde Consultants (WCC) on 

behalf of Sheller-Globe Corporation during the period of May 20 through June 1, 1991. 

Field work was performed in accordance with the Phase III Site Assessment Work Plan 

dated February 22, 1991, prepared by Pollution Control Systems, Inc. Program 

modifications requested by the Iowa Department of Natural Resources (letter dated 

March 15, 1991) were also incorporated into the Phase III investigation. 

The field investigation included the installation of four monitoring wells into the native 

tills, sampling of soils from borings used for those wells plus eight additional borings, 

sampling of groundwater from new and selected existing monitoring wells, and the 

'I 173-13\RI'T.CJF 07117/91 1- ~ 
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performance of slug and step-drawdown tests on wells in the native soils. This report 

describes the investigation activities conducted, presents the results of the investigation, 

and describes the current understanding of site conditions as they relate to the sources 

and extent of contamination. Based on that understanding, remediation options are 

then discussed. 

'JI/ .1~ _'\\IO'TC.IF 07/ 17t<J I 1-2 
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2.0 

BACKGROUND 

Five underground storage tanks were removed from the southwest portion of the former 

Sheller-Globe facility in October 1989. The location of the former tanks and the 

general excavation area are depicted on Figure 1. The facility history, tank history, and 

field investigation results since that time have previously been reported to the Iowa 

Department of Natural Resources (IDNR) in the following documents: 

• Sheller-Globe Corporation, Keokuk Plant, Site Assessment Work 
Plan, May 3, 1990, prepared by United Technologies Automotive. 

• Site Assessment Investigation, Sheller-Globe, 3200 Main Street, 
Keokuk, Iowa, August 9, 1990, prepared for United Technologies 
Automotive by Pollution Control Systems, Inc. 

• Phase II Site Assessment Subsurface Investigation, Sheller-Globe 
Facility, 3200 Main Street, Keokuk, Iowa, January 3, 1991, 
prepared for Sheller-Globe Corporation by Pollution Control 
Systems, Inc. 

The reader is referred to those documents for details of the site history. Since the tanks 

were removed in 1989, previous field investigations have included the performance of 

a soil gas survey, field screening and sampling of shallow soil borings, installation of 

groundwater monitoring wells in the shallow fill material and in native soils, and the 

sampling of monitoring wells. 

The primary emphasis of the previous investigations was to establish site physical 

characteristics and evaluate the extent of solvent contamination resulting from tank 

usage. The majority of the work focused on the shallow fill material. This Phase III 

investigation further characterized conditions in the native soils beneath the fill and 

evaluated the possible presence of sources of solvent contamination other than the 

former underground tanks. 

'117:'-1:\'HI'T.CJF 07/ 17/'JI 2-1 
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3.0 

INVESTIGATION ACTIVITIES AND METHODS 

All field work was performed in accordance with the Phase III Site Assessment Work 

Plan (Appendix A) dated February 22, 1991, prepared by Pollution Control Systems, 

Inc., and the Iowa Department of Natural Resources comment letter to Mr. Brian J. 

Yeich dated March 15, 1991 (Appendix B). 

3.2 FILE REVIEW 

In an attempt to further evaluate the possibility of contaminant sources in the study 

area other than the former underground storage tanks, the wee field representative 

interviewed Mr. William E. Vandersall (Environmental Services Manager, Schlegel, 

Keokuk) on May 31, 1991. The results of the interview are incorporated into the 

discussion of results and conclusions in Section 5.0 of this report. 

3.3 FIELD INVESTIGATION 

The field work for the Phase III investigation was performed between May 20 and 

June 1, 1991. All drilling activities were performed by Hannibal Testing Laboratories 

of Hannibal, Missouri under the direction of the WCC field geologist. Soil samples and 

groundwater samples were analyzed by Enseco-Rocky Mountain Analytical Laboratories 

in Arvada, Colorado. In accordance with the Occupational Safety and Health 

Administration (OSHA) requirements of 29 CFR 1910, a site specific Health and Safety 

Plan was prepared by WCC and implemented during all phases of the field 

investigation. 

3.3.1 Monitoring Well Installation 

In order to further evaluate the horizontal extent of contamination in the native glacial 

till soils, the Phase III Work Plan called for the installation of three new groundwater 

'J17:\-13\RI'TCJF 07!17/'JI 3-1 
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monitoring wells downgradient (estimated to the southwest) of the tank excavation. In 

addition to these wells, the comment letter from the IDNR dated March 15, 1991 called 

for the installation of an additional upgradient monitoring well. The upgradient well 

was proposed to evaluate the groundwater quality upgradient of the excavation and 

downgradient of the plant building and operations. The location of the new and existing 

monitoring wells are shown on Figures 1 and 2. The construction details for the 

monitoring wells are shown on Table 1 and the boring logs are presented in 

Appendix C. 

Borings for monitoring wens MW-9, MW-11, and MW-12 were drilled with 4 1/4-inch 

I.D. (8-inch O.D.) hollow stem augers to a depth of 35 feet below ground surface. 

Samples were collected with split spoon samplers at 5-foot intervals in each boring. The 

boring for monitoring well MW-10 was drilled with 6 1/4-inch I.D. (9-inch O.D.) hollow 

stem augers to a depth of 30 feet. Split spoon samples were collected at 5-foot intervals 

from 0- to 10-feet then at 2.5-foot intervals from 10 feet to the bottom of the boring. 

Headspace analyses were performed on samples from each depth interval using the 

procedures described in Section 3.2.1 and Appendix C of the Phase III Work Plan. 

Headspace results are presented in Table 2. The sample with the highest headspace 

instrument response per boring was submitted to the laboratory and analyzed for 

volatile compounds. In the cases where no volatile compounds were detected in the 

headspace, the sample collected nearest the top of the saturated zone at the time of 

drilling was submitted for laboratory analysis. No soil samples from the upgradient 

boring for MW-12 were submitted for laboratory analysis since that well was installed 

as a background weU and field screening did not identify any volatiles present in the soil. 

The samples were analyzed for volatile organic compounds (VOCs) by EPA Method 

8240. Analytes included in that method were the Target Compound List plus methyl 

isobutyl ketone, n-hexane, and butanol. These three additional compounds were 

included in all volatiles analyses because they were potentially present at the site. 

The four monitoring wells were installed in general accordance with the procedures 

outlined in Section 3.2 of the Phase III Work Plan. The locations of the new monitoring 

wells (MW-9, MW-10, MW-11, and MW-12) are shown on Figure 1. With the exception 

of MW-10, all wells were constructed of 2-inch diameter, Schedule 40, tlush coupled 

'11 7 .\-l~\RI'TCJf' 07/ 1 i l'! l 3-2 
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PVC pipe with 10-foot sections of 0.010-inch machine-slotted screen. MW-10 was 

constructed of 4-inch PVC so it would accept a submersible pump for a pump test or 

future use as an extraction well. 

The four monitoring wells were developed by bailing each well dry at least five times. 

In addition, water quality parameters including temperature, pH, salinity, and 

conductivity were measured in the field during development. The water generated 

during development was stored in the large steel tank immediately south of the 

excavation near the chemical storage building. 

3.3.2 Soil Sampling 

In addition to the three soil samples collected in conjunction with the installation of 

monitoring wells MW-9, MW-10, and MW-11, soil samples were collected from eight 

shallow soil borings. The purpose of the soil borings was to further identify any residual 

contamination in the shallow soils near the excavation and near the former product lines 

and to better define the source areas for soil_ and groundwater contamination. The 

Phase III Work Plan called for the collection of nine soil samples. However, one of the 

proposed sample locations southwest of the excavation and on the southeast corner of 

the chemical storage building was inaccessible to drilling equipment due to the presence 

of the large steel tank. Therefore, this location was deleted from the sampling program. 

The location of the eight soil borings are shown on Figure 3. The borings were drilled 

in accordance with the procedures outlined in Section 3.2.1 of the Phase III Work Plan. 

Four of the borings (WCS-2, 3, 4, and 5) were drilled through asphalt and four (WCS-6, 

7, 8, and 9) were drilled through concrete. Split spoon samples were obtained as near 

the surface as conditions would allow and at 4-6 and 8-10 feet below ground surface in 

each boring. The borings were advanced with 3 1/4-inch J.D. (6-inch O.D.) hollow stem 

augers. Headspace analyses were performed on samples from each boring in 

accordance with the procedures described in Section 3.2.1 and in Appendix C of the 

Phase III Work Plan. As with the samples collected from the monitoring well borings, 

the sample from each soil boring exhibiting the highest headspace instrument response 

was submitted to the laboratory and analyzed for volatile organic compounds (TCL List 

plus methyl isobutyl ketone, n-hexane, and butanol). Headspace results and the soil 

'117~-B\RI'TC.IF 07/ 17/'JI 3-3 
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samples submitted for analyses are summarized in Table 2. Boring logs are presented 

in Appendix C. 

•. 

333 Groundwater Sampling 

In accordance with Section 3.2.2. of the Phase III Work Plan, groundwater samples were 

collected from the four new monitoring wells and six existing wells (MW-1, MW-2, 

MW-3, MW-4, MW-6A, and MW-6B). Water levels were measured on May 30, 1991 

and are summarized in Table 1. The ten wells were purged on May 30, 1991. Each 

well was bailed dry and allowed to recover overnight. Samples consisting of three 40ml 

glass vials for analysis of volatile organics were collected from each well with disposable 

polyethylene bailers on May 31, 1991. In addition, water quality parameters were 

measured in the field and included pH, temperature, conductivity, and salinity. The 

results of these measurements are presented in the sample collection field sheets 

(Appendix E). 

In accordance with the Phase III Work Plan, quality assurance samples including a trip 

blank (TB-1) and a blind duplicate sample from MW-9 (labeled MW-14) were collected 

and submitted to the laboratory. 

All groundwater samples were analyzed by Enseco-Rocky Mountain Analytical 

Laboratories for volatile organic compounds (Method 8240; target compound list plus 

methyl isobutyl ketone, n-hexane, and butanol). 

33.4 Hydraulic Testing 

3.3.4.1 Slug Tests 

Slug tests were performed on monitoring wells MW-9 and MW-10 on May 31, 1991. 

Both rising and falling head tests were performed on MW-9. A falling head slug test 

was not performed on MW-10 because the water level in the well at the time the test 

was performed was only 0.54 feet below the top of the PVC casing. The insertion of 

the slug for the falling head test would have caused the water level to rise above the top 

of the casing and subsequently to spill over onto the ground surface. For this reason, 

'!17:1-l~\ RI'T.C.lf 07!1 71'!1 3-4 
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the slug was inserted into the well and the water level was allowed to re-equilibrate 

prior to beginning the rising head slug test at MW-10. All water level measurements 

were recorded us in& a Hermit lOOOB Data Logger with a 10 psi transducer. 

A solid PVC cylinder 8.03 feet long and 1.25 inches in diameter was used in the slug test 

on monitoring well MW-9 to produce a theoretical initial displacement of 3.12 feet in 

the 2-inch diameter well. A solid PVC cylinder 5 feet long and 3 inches in diameter was 

used in the slug test on monitoring well MW-10 to produce a theoretical initial 

displacement of 2.8 feet in the 4-inch diameter well. The falling head test on MW-9 

lasted approximately 2 hours while the rising head test lasted approximately 1.6 hours. 

The rising head test at MW-10 lasted approximately 3.6 hours. The lengthy nature of 

the tests is retlective of the generally low hydraulic conductivities at the site and the 

amount of time necessary to obtain 90 percent recovery. 

3.3.4.2 Pumping Test 

A small scale qualitative pumping test was p~rformed on monitoring well MW-10 on 

June 1, 1991. The purpose of this test was to determine the feasibility of using a "pump 

and treat" recovery system as a remedial alternative at the site. 

Prior to beginning the test, an electric submersible pump with a 1 1/4-inch PVC 

discharge pipe was placed at the bottom of the 4 inch diameter PVC well. The well was 

pumped at a rate of 0.5 gallons per minute (gpm) and drawdown was measured at 

regular intervals with an electric water level indicator. The results of the water level 

measurements are shown in Table 5. The well was pumped dry after 69 minutes of 

pumping at 0.5 gpm. The approximately 34 gallons of water generated during the test 

was stored in the red steel tank immediately south of the excavation. Based on the 

water level measured in the well prior to the test, the well volume including filter pack 

was approximately 29.5 gallons. It is likely that the 34 gallons removed represent the 

dewatering of the well and filter pack and approximately 4.5 gallons of recharge from 

the formation. 

'117:\-B\RPT.CJf' 07 / 17191 3-5 
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3.3.5 Well Survey 

In accordance with the IDNR response letter dated March 15, 1991, a well survey was 

performed to determine whether any water wells were present within a one-half mile 

radius of the former Sheller-Globe site. The well survey included a search of the Iowa 

Department of Natural Resources- Geological Survey Bureau (GSB) and United States 

Geological Survey (USGS) cooperative geologic file, a search of the Iowa Geologic 

Survey (IGS) "GEOSAM" tracking system, and a review of the City of Keokuk Water 

Department's distribution list. 

The "GEOSAM" tracking system consists of records of borings or water wells submitted 

to the Iowa Geologic Survey by water well drillers. The records submitted by the 

drillers are often accompanied with rock core or chip samples from the boring. Once 

the records and samples are logged into the GEOSAM tracking system, they are 

available for inspection by the IGS geologist. The geologist inspects and classifies the 

samples and creates a stratigraphic log of the boring. .The stratigraphic log contains 

information such as surface elevation, total depth, rock lithology, and sample condition. 

The information obtained by the geologist is entered into the GSB and USGS 

cooperative geologic file. Due to the fact that not all records in the GEOSAM database 

are accompanied by rock samples and that not all rock samples have been reviewed by 

the IGS geologist, the GEOSAM tracking system contains considerably more records 

than the GSB and USGS cooperative file. Both databases, however, are available to 

the public. It is important to note that these data bases record boring information and 

do not necessarily indicate that wells were completed in the borings. 

In addition to searches of the two databases described above, a request was made to 

the City of Keokuk, Iowa Water Department to obtain the water distribution list for 

areas immediately adjacent to, and approximately three-quarters of a mile downgradient 

of the former Sheller-Globe site. Using the list obtained from the City, a visual survey 

was performed to identify residences which were not on the distribution list. Residences 

not on the distribution list could possibly be served by a private water well. The finding 

of the well survey can be found in Section 4.6. 

'117~:1\RI'T.CJF !l7/ 17NI 3-6 
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4.0 
RESULTS 

The geology beneath the south-central portion of the site in the vicinity of the tank 

excavation is generally characterized by a surficial layer of structural fill material 

overlying glacial till soils. Figure 4 shows a generalized cross-section of the site geology. 

The composition of the struetural fill material varies somewhat from location to location 

across the site, but generally consists of firm to stiff, olive-brown medium plastic silty 

clay with sand, gravel, brick and wood fragments. The thickness of the fill material 

generally increases from east to west and ranges from approximately 5.5 feet at 

upgradient monitoring well MW-12 to approximately 12 feet near the tank excavation 

and chemical storage building. The fill material is somewhat thinner beneath the toe 

of the slope with approximately 8 feet at MW-10 and 2 feet at MW-11 in the employee 

parking lot. 

The glacial till soil beneath · the site generally consists of firm to very stiff, yellowish 

brown, medium to highly plastic clay with fraces of fine to medium sand and fine gravel, 

and some gray mottling. Approximately 2 feet of dense, yellowish brown fine grained 

sand with traces of silt and gravel was encountered at 34 feet below the ground surface 

at monitoring well MW-11. Typically, in a glacial till setting the thickness and continuity 

of these sand and gravel zones may vary markedly from location to location and their 

occurrence is unpredictable. It is noted that more sand lenses were observed in the 

boring for MW-10 than were observed for the other three borings for the monitoring 

wells. (Boring logs are shown in Appendix C.) MW-10 was sampled at 2.5-foot 

intervals from 10 to 30 feet BGS while the other three borings were sampled at 5-foot 

intervals. The frequency of the sand lenses shown in the boring logs may simply be a 

function of the sampling interval. In other words, it is often difficult to evaluate 

subsurface conditions based on auger cuttings and sand lenses may or may not occur 

between the 5-foot sampling interval in the three borings. To date, none of the 

monitoring wells installed on-site have reached bedrock and therefore, the depth to 

bedrock or the thickness of the glacial till is not known at this time. 

' 1 17 ~-1.'\RI'TC.lt' 07!171'1 1 4-1 
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4.2 SITE HYDROGEOLOGY 

The current on-site groundwater monitoring well network consists of five shallow 

monitoring wells screened in the structural fill material and eight wells screened in the 

upper portion of the glacial till. Water levels in the on-site monitoring wells were 

measured on May 30, 1991 and are summarized in Table 1. Water levels from the eight 

monitoring wells screened in the upper portion of the glacial till were used to construct 

the water level contour map presented in Figure 5. The map shows that at shallow 

levels in the glacial till, groundwater tlow is to the southwest. The flow direction is 

generally consistent with the direction identified in previous investigations. Based on 

the water level contour map and on the water level measurements in the five shallow 

wells screened in the fill material, it is likely that a zone of perched groundwater exists 

in the fill material in the vicinity of the tank excavation. MW-1, MW-2, MW-3, and 

MW-4 displayed water levels ranging from 2.7 to 5.5 feet higher than those in the 

shallow levels of the glacial till. It is probable that the open tank excavation acts as a 

collection point for rain water and surface runoff and is .a source of recharge to the fill 

material. This excavation is in the process ofbeing closed . 

As previously mentioned, approximately 2 feet of dense, fine grained sand with trace 

silt and gravel was encountered at 34 feet below the ground surface in the boring for 

MW-11. The water level in MW-11 was approximately 5 feet below the ground surface. 

In order to evaluate whether confined conditions existed and the 5-foot water level 

represented the head in a confined 2-foot sand lense, an additional boring was drilled 

approximately 2.75 feet south of MW-11. The boring was drilled with 3 1/4-inch I.D. 

hollow stem augers on May 24, 1991 to a depth of 18 feet below ground surface. The 

boring was allowed to remain open until May 28, 1991 when the water level was 

measured in the boring and in MW -11. The groundwater elevation in the boring was 

622.40 feet above MSL and 622.64 feet above MSL in MW-11. These water level 

measurements suggest an upward vertical hydraulic gradient of approximately 

0.01 feet/feet in the vicinity of MW-11. Because the boring was only drilled to 18 feet 

below ground surface and did not encounter the 2-foot sand lense encountered in 

MW-11 and because the two water levels were very close (±0.2 feet), it is likely that 

unconfined conditions exist. The consistency in the two water level measurements 

'JI73-B \RPT.C.JF 07!17fJI 4-2 
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suggest that the sand lenses are hydraulically connected to the overlying glacial till clays 

and that the water levels are representative of the true unconfined conditions at the site. 

4.2.1 Hydraulic Testing 

4.2.1.1 Slug Tests 

Hydraulic conductivity values were hand-calculated using the method of Bower and 

Rice, 1976 (Reference 1), and Bouwer, 1989 (Reference 2), which were developed for 

unconfined aquifers. The results of the slug test hydraulic conductivity calculations are 

summarized in Table 3. 

In order to assess the accuracy and reliability of the slug test results, hydraulic 

conductivities were calculated using Woodward-Clyde Consultants' SLUGT software 

(Version 7, February 1988). The calculations are based on the borehole diameter using 

the method of Bouwer and Rice (1976). A comparison of results is presented in 

Table 4. The hand-calculated values and SL'W'GT-computed values show reasonably 

good agreement. 

The hydraulic conductivity value for the falling head test at MW-9was 1.87 x w-s em/sec 

and 5.58 x w-s em/sec for the rising head test. The hydraulic conductivity for the rising 

head test performed at MW-10 was 4.38 x w-4 em/sec. The hydraulic conductivity 

values are generally consistent with those presented in the Phase II Site Assessment 

Subsurface Investigation Report dated January 3, 1991. Typically, the intergranular 

hydraulic conductivities of the clayey materials in tills are several orders of magnitude 

less than the conductivities of the sandy layers or fractures. As a result, the majority of 

the tlow occurs in the sand layers or fractures. As previously mentioned, the extent and 

occurrence of the sand and gravel zones is often unpredictable, and the hydraulic 

conductivity values, therefore, may vary between wells depending on the soil conditions 

at a particular location. 

'JI7 :~ .\\RI'T.CIF 07l J71'Jl 4-3 
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4.2.1.2 Pumping Test 

In order to help assess the feasibility of a groundwater recovery system as a possible 

remedial alternative, a simple pumping test was performed in monitoring well MW-10. 

The specific procedures followed in the pumping test are described in Section 3.3.4.2. 

The pumping test data are presented in Table 5 and Figure 6. The 4-inch PVC well 

was pumped dry in approximately 69 minutes at a pumping rate of 0.5 gallons per 

minute. A total of 34 gallons were pumped from the monitoring well during the 

pumping test, and this volume probably represents the dewatering of the 4-inch PVC 

casing and filter pack and approximately 4.5 gallons of recharge to the well. Based on 

these results and on results of the slug tests, it is not likely that groundwater recovery 

wells would be an effective remedial alternative at the site. 

4.3 GROUNDWATER MOVEMENT 

Based on the geometric mean of the hydraulic conductivity values obtained in the slug 

tests, the hydraulic gradient measured at the site, and on an average range of effective 

porosity values for clay soils, a range of groundwater velocities for the site was 

calculated. The calculation· was based on the equation V = (-k)(dh/dl)ne where V = 
true velocity, k = hydraulic conductivity and dh/dl = hydraulic gradient, and 

nc = effective porosity. 

Using an effective porosity for clay soil of 25 percent, the groundwater velocity was 

estimated to be approximately 24 feet per year. With a porosity value of 30 percent, 

the groundwater velocity is estimated at approximately 20 feet per year. The 

calculation, however, does not account for factors such as volatilization, soil structure, 

temperature, soil moisture, or adsorption, all of which may greatly influence the rate of 

contaminant migration. On this basis, it is likely that contamination has not migrated 

at a rate equal to the groundwater velocity. 

Groundwater flow at shallow levels in the glacial till generally follows topography, and 

the water table slopes from topographic highs toward the streams and drainages. Based 

on this knowledge, groundwater at shallow levels in the glacial tills is probably directed 

toward the topographic low of the cooling pond west of the excavation. In addition, 
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reinforced concrete and corrugated metal pipes located south and west of the 

excavation (Figure 5) may intluence groundwater flow. 

4.4 SOIL SAMPLE RESULTS 

As described in Sections 3.3.1 and 3.3.2, soil samples were collected from the four soil 

borings used for the monitoring well installations and from eight additional shallow soil 

borings. Head space analyses were performed on all samples from each of the 12 

borings to determine "worst case" or highest volatile concentration within each boring. 

The results of the head space readings are summarized in Table 2. Headspace readings 

ranged from background levels to 325 parts per million (ppm). Volatile organics were 

detected in the head space of samples from each of the shallow soil borings with the 

exception of WCS-9. Headspace readings ranged from background to 80 ppm in the 

zone 15- to 17-feet below ground surface (bgs) and from background to 90 ppm in the 

zone 5- to 7-feet bgs. The highest headspace measurements in the monitoring well 

borings were found at MW-9 (15 to 17 feet bgs) and MW-10 (5 to 7 feet bgs). 

Headspace readings were background for all samples from MW-11 and MW-12. 

Soil samples displaying the highest headspace readings in each boring were submitted 

for laboratory volatile organic analysis (EPA Method 8240). The laboratory results are 

summarized in Table 6. Soil sample results are also plotted on Figure 3. Based on the 

field screening techniques described above, it is likely that the concentrations detected 

by the laboratory represent the highest concentrations of volatile organics within each 

boring. 

The predominant volatile compounds detected in the soil samples were toluene, 

acetone, and methylene chloride. These three compounds were detected most 

frequently and in the highest concentrations. Toluene and methylene chloride were 

reported in former tank contents registration records. Concentration ranges for the 

three compounds in the soil boring samples were as follows: 
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I Compound I Concentration Range (ug/kg) I 
Toluene non-detect (5) - 2,200,000 

Acetone 19- 98,0001 

Methylene Chloride 1.9 - 24,0001 

Note: J = Result is detected below the detection limit or is an estimated concentration. 

Total solvent concentrations were highest in borings WCS-2, WCS-3, and WCS-5, those 

located nearest the tank excavation. Lowest concentrations were found in soil samples 

from MW-9 and MW-11, two of the samples furthest away from the excavation. 

Intermediate levels were identified along the product distribution pipe and in borings 

WCS-7, WCS-8, and WCS-9. 

A number of compounds were identified in boring WCS-7 that were not identified in 

any of the other borings. These compounds in<:luded carbon disulfide, 1,1-

dichloroethane, 1,1-dichloroethene, hexane, a~d benzene. However, these compounds 

are not necessarily unique to that sample. The presence of toluene, acetone, and 

methylene chloride at high concentrations in some of the other soil samples resulted in 

elevated detection limits for other compdunds on the Method 8240 analyte list. 

The compounds detected in soil samples collected in May 1991 are generally consistent 

with those detected in samples collected in November 1990. However, the 

concentrations detected in May 1991 were considerably higher than those detected in 

November 1990. It is noted that the samples collected in November 1990 were not 

collected in the immediate vicinity of the tank excavation or the former product line and 

it is expected that concentrations would decrease as one moves away from the source. 

4.5 GROUNDWATER SAMPLE RESULTS 

Groundwater samples were collected from the four newly installed wells and from 

MW-1, MW-2, MW-3, MW-4, MW-6A, and MW-6B. All samples were analyzed using 

EPA Method 8240 for volatile organic compounds. The results of the groundwater 

sampling are shown in Table 7 and summarized on Figure 7. 
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In general, the most predominant volatile organic compounds detected were toluene 

and methylene chloride. Concentrations were highest in the two monitoring wells 

screened in the fill material immediately adjacent to the tank excavation (MW-1 and 

MW-2) with values ranging from 15,000 to 470,000 J.tg/L for individual analytes. 

Concentrations were much lower ( :51,100 J.tg/L) in the sample from MW-4 

approximately 20 feet to the east of the excavation area. Concentrations were also 

much lower ( :5460 J.tg/L) in samples from MW-3 and MW-9 located approximately 

100 feet west of the tank excavation. Samples from the MW-6 monitoring well cluster 

contained several compounds including acetone, ethylbenzene, xylene, 1,2-

dichloroethene, and trichloroethene in addition to toluene and methylene chloride. The 

shallow well MW-6A (completed in the fill material) displayed concentrations much 

higher than those detected in MW-68 (completed in the native tills). As with MW-6A 

and MW -68, monitoring well MW -10 contained a variety of compounds not detected 

in samples from the monitoring wells immediately adjacent to the tank excavation 

(MW-1 and MW-2). Based on the results of previous sampling events (July 1990), it 

is likely that these compounds are present in the shallow groundwater near the 

excavation but were not detected during this sampling event due to the elevated 

detection limits for these compounds. Only low concentrations ( :57.4 J.tg/L) of a few 

volatile organic compounds, including methylene chloride, toluene, acetone, 1,2-

dichloroethene, and trichloroethene, were detected in upgradient well MW-12 and 

monitoring well MW-11, approximately 125 feet south of the tank excavation in the 

employee parking lot. 

Monitoring well MW-6A exhibits comparatively high levels of solvent contamination 

relative to other we·lls distant from the excavation. In addition, the chemistry of the 

compounds in that well differs somewhat from other wells. Specifically, the highest 

levels of ethylbenzene (19,000 ug!l) and xylene (56,000 ug!l) were found in MW-6A. 

These results suggest a source area other than the tank excavation. Facility personnel 

indicate that a former chemical storage and mixing building was once located in that 

general area (see Figure 2). Additionally, a number of water lines cross the area. The 

excavations for those lines may have acted as conduits for contaminant migration at one 

time. 
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Conversely, the soil sample results do not confirm the presence of a second source area. 

Borings WCS-7, WCS-8, and WCS-9 located around MW-6A do not show the elevated 

levels of xylene and ethylbenzene. As a result, the groundwater results from MW-6A 

suggest a second source area, but the evidence is not conclusive. 

4.6 WELL SURVEY RESULTS 

A well survey was performed to determine if any private water wells are located 

adjacent to or in the immediate downgradient vicinity of the site. The survey consisted 

of a search of two IGS databases and a review and field survey of the City of Keokuk's 

municipal water distribution list in the vicinity of the site. 

A search of the IGS GEOSAM tracking system revealed the presence of five potential 

water wells in the vicinity of the site. Four of these wells were previously identified in 

the Site Assessme_nt Investigation dated August 9, 1990, prepared by Pollution Control 

Systems. The exact location of the fifth potential well could not positively be identified 

with the GEOSAM database. The record only specifies that the potential well is within 

Section 23 of T65N, R5W. Only two possible wells were identified in the GSB and 

USGS cooperative geologic file database. Both wells were in Section 24 of T65N, R5W 

and approximately three-quarter of a mihi to the east of the site. The production well 

identified on-site is not in use. The locations of the potential private water wells are 

shown on Table 8 and Figure 8. According to the information in the two databases, the 

seven borings or wells were drilled into the local bedrock aquifer and not in the shallow 

glacial till aquifer of concern at the site. 

A municipal water distribution list for the site vicinity was requested from the City of 

Keokuk's Water Department. At the time the request was made, the water department 

employee indicated that all residences and businesses within the Keokuk city limit are 

served by municipal water system and that the city water is obtained from the 

Mississippi River. 

Using the water distribution list obtained from the city water department, a survey was 

performed to identify any residences that were not on the city distribution list. The 

location of the distribution list survey is shown on Figure 8. All streets immediately 
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adjacent to and approximately 1 mile west of the former Sheller-Globe site were 

surveyed. Only one residence not on the city water distribution list was identified in the 

field survey. The residence is located at 1148 Johnson Street Road. It is not known at 

this time whether this residence is served by a private water well. All other residences 

were on the city distribution list. 

Based on the results of the well survey, it does not appear likely that residential drinking 

water wells are present in the immediate (within 0.5 mile) downgradient vicinity of the 

tank excavation. It is noted, however, that the two database searches only reveal the 

potential locations of residential water wells. These records do not indicate whether the 

boring at a specific location was completed as a well or if a well has been abandoned 

since its completion. In addition, old wells may exist which are not on either of the 

computer databases. 

'Jl7343\RPT.CJF 07/17!91 4-9 
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5.0 

CONCLUSIONS 

The Phase III Site Assessment Field Investigation included the installation of four 

monitoring wells into the native soils, sampling of soils from borings used for those 

wells, plus eight additional borings, sampling of groundwater from new and selected 

existing monitoring wells, the performance of slug tests and a pumping test, and a well 

survey in the vicinity of the site. The key findings of the field investigation are as 

follows: 

The former underground storage tanks appear to be the predominant source of soil and 

groundwater contamination. The highest contamination levels are in the fill material 

immediately adjacent to the former tank area. Lower contaminant concentrations are 

present along the former product line and in the vicinity of wells MW-6A and 6B. The 

former chemical storage building may be the source of contamination near those two 

wells. 

The tanks were located in a zone of fill material. The fill material ranges in thickness 

from approximately 5.5 feet near well MW-12 to 12 feet near the tank excavation. This 

fill material overlies native glacial till soils composed of clays with traces of sand and 

fine gravel. Two water bearing zones were identified during the investigation, one in 

the fill material and one in the native tills. The water in the fill material is believed to 

be a perched water zone, recharged through the tank excavation and other openings 

and cracks in the parking lot that covers the fill material. The second water bearing 

unit is an unconfined water table that was encountered in the upper portion of the 

native tills. 

The predominant contaminants are toluene, methylene chloride, and acetone in soils, 

and toluene and methylene chloride in the groundwater. Contamination levels are 

highest in the fill material immediately surrounding the excavation, and decrease 

markedly away from the excavation and in the native tills beneath the fill. For example, 

total solvent concentrations in groundwater ranged from 492,300 ug/1 in well MW-1 next 

to the excavation, to 39,230 ug!I in MW-10 located in the till immediately downgradient 
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of the excavation, to 21.1 ug/1 in well MW-11 located farther south in the employee 

parking lot. This contamination pattern is consistent with the site geology and history. 

Contamination levels are at least one order of magnitude higher in the fill material than 

the native tills immediately below it. They then decrease another 2 to 3 orders of 

magnitude in wells further away from the excavation. This would be expected 

considering the heterogeneous nature of the fill material compared to the clay materials 

in the native tills. 

The exception to this pattern is well MW-6A where the groundwater sampling results 

suggest a possible second contamination source near this well location. 

The soil sampling results follow a similar pattern as the groundwater results. Total 

solvent concentrations are highest immediately adjacent to the tank excavation then 

decrease away from that area. 

Groundwater flow in the native tills was measured to be toward the southwest, and is 

expected to generally follow site topography. ~owever, buried drainage pipes beneath 

the employee parking lot may also influence and/or intercept shallow groundwater in 

the till. 

The slug and pump tests confirm that the wells in the native tills are slow to recharge. 

During the pump test, well MW-10 was pumped dry at a flow rate of one-half gallon 

per minute. This indicates that recovery wells would not be a viable option for 

collecting contaminated groundwater. 

Finally, the well survey results did not identify any residential water wells m the 

immediate downgradient vicinity of the site. 
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6.0 

RECOMMENDATIONS 

With the completion of this investigation, data is available to begin evaluating remedial 

measures for contamination resulting from the former underground storage tanks. Two 

major conclusions from this investigation affect the choice of remedial measures. First, 

the highest levels of solvent contamination remain in the fill material in the vicinity of 

the former tanks excavation. Solvents in the fill material are believed to be ·a continuing 

source of contamination to shallow groundwater. Second, the upper portions of the 

native till sediments are sufficiently dense and fine grained that groundwater recovery 

wells are not a viable remedial measure. 

Based on these conclusions, it is recommended that remediation of the fill material be 

initiated to control the ongoing source of solvent contamination to the groundwater. 

Remediation of the fill will require dewatering the perched water table and removing 

solvents from the fill soils. It is recommended that a high vacuum (hi-vac) vapor 

extraction system be evaluated as one of the potential remediation measures. The hi­

vac system is capable of extracting both water and vapors from soil systems, and can be 

installed around building and high traffic 'areas without a lot of excavation required. 

In order to evaluate a vapor extraction system, the following will need to be 

conducted/addressed: 

• The performance of a pilot test; 

• The identification of regulatory requirements for air and water 
discharges; and 

• The establishment of cleanup goals and monitoring requirements. 

These issues will be further discussed with the IDNR subsequent to submittal of this 

report to the agency. 
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Since the pump test conducted at well MW-10 caused the well to pump dry in 

69 minutes at a tlow rate of only 0.5 gallons/minute, the installation of groundwater 

recovery wells to remediate groundwater appears impractical. Monitoring of the native 

till wells is recommended to evaluate the effect of the proposed source remediation on 

groundwater quality. Additionally, the installation of the following new shallow till wells 

downgradient of MW-10 is proposed to further define the migration and attenuation of 

the contamination in the upper till: 

• 

• 

One well downgradient (southwest) of MW-10 located just east of 
the 36-inch drainage pipe running under the employee parking lot; 
and 

One well downgradient (southwest) of MW-10 located southwest 
of the 36-inch drainage pipe near the facility boundary. 

The proposed well locations are shown on Figure 5. 
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TABLE 1 

SUMMARY OF MONITORING WELL CONSTRUCTION DETAILS AND WATER LEVELS 

Elcvullon or To}' Elcvu1ion or l'VC Cuslng 
of I'VC Cuslng Ground Surruce Diumeler 

Weill. I>. Dale lnslalied (feel) (feel) (Inches) 

M\V-1 October 1989 640.94 NA 4 

MW-2 October 1989 640.34 NA 4 

M\V-3 Oeiobcr 1989 639.02 NA 4 

M\V-4 Octobc.:r 1989 640.94 NA 4 

M\V-5 Novcmbc.:r 1990 640.74 640.98 4 

MW-6/\ Novcmbc.:r I ')<)0 641.13 641.43 2 

MW-t,ll November 19CJO 641.00 641.35 2 

! 

lvi\V-7 Novc.:mhc.:r I CJ'JO 638.48 63S.6CJ 1 .. 
i rviW-t-: Novc.:mbc.:r I CJ90 641.69 IJ-12 .00 2 
! 

M\V-9 May 1991 639.02 (J39.20 2 

MW-10 May 1991 623.98 624 .21 4 

MW-11 May 11J'JJ 627.06 627.27 
., .. 

MW-12 May 1991 643.40 643.66 2 

Noles: All c.:levations arc.: in feet above mean seal level. 
Total depths measured from lop of PVC casing on Mny 30, 1991. 2 

3 Dc.:pth 10 groundwater measured from lOp of PVC casing on May 30, 1991. 
N/\ = Data not available. 

CJ173-13\RI'Tl'AS.CJF 07/17/91 

Tolul Dcplh2 Screened lnlervul Dcplh ur 

Elevalion (feel) Groundwalc.J 
(feel) (feel) 

14.21 625.94 - 635.94 4.94 

12.75 627.24 - 637.24 (j ,63 

16.77 622.32 - 632.32 11.29 

11.92 625.94 - 635.94 45.40 

30.00 610.71 - 620.71 (J.42 

13.94 627.26 - 637.26 5.58 

31.75 609.27 - 619.27 (J.75 

3CJ.H8 5CJ8.68 - 608.6H 10.10 

29.88 611.89 - 621.89 4J~3 

33.58 604.78 - 614.78 14.27 

29.6CJ 594.79 - 604 .79 0.(J25 

34.31 592.85 - 602.85 4.54 

34.74 609.24 - 619.24 7.10 

- - -

Groundwulcr 
Elevullon 

636.00 

633.71 

627.73 

636.54 

634.32 

635.55 

IJ34.25 

628.38 

IJ:\6.!.\(J 

IJ24.75 

(J23.31J 

622.52 

63(J.30 
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TABLE 2 

SUMMARY OF HEADSPACE ANALYSES ON SOIL SAMPLES 

Headspace Reading 
Sample I.D. Depth (feet) (ppm)l 

WCS-2 1.0 - 3.0 10 

4.0 - 6.0 75 

*8.0- 10.0 100 

WCS-3 *1.5 - 3.5 125 

4.0 - 6.0 58 

WCS-4 2.0 - 4.0 20 

4.0 - 6.0 100 

*8.0- 10.0 115 

WCS-5 1.5 - 3.5 50 

4.0 - 6.0 100 

*8.0- 10.0 130 

WCS-6 4.0 - 6.0 90 

*8.0- 10.0 100 

WCS-7 *1.0- 3.0 3 

4.0 - 6.0 1 

8.0- 10.0 B. G. 

WCS-8 4.5 - 6.5 25 

*8.0- 10.0 325 

WCS-9 0.5 - 2.5 B. G. 

4.0 - 6.0 B. G. 

*8.0- 10.0 B. G. 

MW-9 1.5 - 3.5 B. G. 

5.0 - 7.0 B. G. 

10.0- 12.0 B. G. 

*15.0- 17.0 80 

20.0- 22.0 10 

25.0- 27.0 15 

30.0- 32.0 1 

35.0- 37.0 4 
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TABLE 2 
(Continued) 

SUMMARY OF HEADSPACE ANALYSES ON SOIL SAMPLES 

Headspace Reading 
Sample I.D. Depth (feet) (ppm)l 

MW-10 1.0- 3.0 4 

*5.0- 7.0 90 

10.0- 12.0 33 

12.5 - 14.5 18 

15.0- 17.0 2 

17.5 - 19.5 2.5 

20.0- 22.0 5 

22.5 - 24.5 1 

25.0- 27.0 3 

27.5- 29.5 6 

30.0- 32.0 B. G. 

MW-11 2.0 - 4.0 B. G. 

5.0 - 7.0 B. G. 

10.0- 12.0 B.G. 

15.0- 17.0 B. G. 

20.0- 22.0 B. G. 

25.0- 27.0 B. G. 

*30.0- 32.0 B. G. 

35.0- 37.0 B.G. 

MW-12 5.0 - 7.0 B. G. 

10.0- 12.0 B. G. 

15.0- 17.0 B.G. 

20.0- 22.0 B. G. 

25.0- 27.0 B. G. 

30.0- 32.0 B. G. 

35.0- 37.0 B. G. 

:-;otes: 1 All headspace measurements made with an HNu Pl-101 photoionization detector in accordance 
with the procedures described in Appendix C of the Phase Ill Work Plan. 

13.G. = Background. 
• Sample submitted for laboratory analyses. 
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TABLE 3 

SUMMARY OF SLUG TEST RESULTS 

Well Hydraulic Conductivity 
Designator Slug Test Type (em/sec)* Screened Interval (feet bgs) 

MW-9 

MW-9 

MW-10 

Notes: 

Falling Head 1.87 x w-s 34.42 - 24.42 

Rising Head 5.58 X 10·5 34.42 - 24.42 

Rising Head 4.38 x w-s 19.42 - 29.42 

* Hydraulic conductivity values given are the hand-calculated results using the method of Bouwer and 
Rice, 1976 . 
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Well 
Design a tor 

MW-9 

MW-9 

MW-10 

- - -- --- ·-··- ~ iiill - liiii 

TABLE 4 

COMPARISON OF HYDRAULIC CONDUCTIVITY 
VALUES CALCULATED BY HAND AND SLUGT* 

iii~ liii - -l 

Hydraulic Conductivity (em/sec) Hydraulic Conductivity (em/sec) 
Slug Test Type (Hand Calculated Results) (SLUGT Results) 

Falling Head 1.87 x w-5 2.9 x w-5 

Rising Head s.s8 x w-5 1.32 x w--~ 

Rising Head 4.38 X 10'5 1.42 x w--~ 

-

Notes: * Calculations based on borehole diameter using the method of Bouwer and Rice (1976). 
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TABLE 5 

SUMMARY OF PUMPING TEST DATA (MW-10) 

Elapsed Time Water Level (feet 
Time (minutes) below T.O.C.) Drawdown (feet) 

06:22 0 1.69 0.00 

06:27 5 4.81 3.12 

06:29 7 6.08 4.39 

06:30 8 7.15 5.46 

06:33 11 8.02 6.33 

06:35 13 9.27 7.58 

06:36 14 9.88 8.19 

06:40 18 11.48 9.79 

06:41 19 12.15 10.46 

06:43 21 13.00 11.31 

06:44 22 13.79 12.10 

06:46 24 14.88 13.19 

06:48 26 15.71 14.02 

06:51 29 16,63 14.94 

06:53 31 17.79 16.10 

06:55 33 18.35 16.66 

06:57 35 19.17 17.48 

06:58 36 19.54 17.85 

06:59 37 19.88 18.19 

07:00 38 20.31 18.62 

07:01 39 20.54 18.85 

07:03 41 20.94 19.25 

07:05 43 21.21 19.52 

07:06 44 21.40 19.71 

07:10 48 22.35 20.66 

07:11 49 22.71 21.02 

07:12 50 22.94 21.25 

07:15 53 23.81 22.12 

07:17 55 24.42 22.73 

07:18 56 24.69 23.00 

07:19 57 25.00 23.31 

07:20 58 25.29 23.60 

07:22 60 25.88 24.19 

07:23 61 26.10 24.41 

07:24 62 26.38 24.69 

07:26 64 27.04 25.35 
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TABLE 6 

SUMMARY OF ANALYTICAL RESULTS ON SOIL SAMPLES 
(Concentrations in ug/kg) 

WCS-2 WCS-3 WCS-4 WCS-5 WCS-6 
Compound (8-10') (1.5-3.5') (8-10') (8-10') (8-10') 

Methylene Chloride 46001 2~0001 4601 240001 520J 

Toluene 32opoo ~2~ 9500 1poopoo 27000 

Acetone 26p001 ND(200000) 2400 '.18000J 2400J 

2-Butanonc (MEK) ND(33000) ND(200000) ND(2000) ND(200000) ND(4000) 

Carbon Disulfide ND(16000) ND(100000) ND(1000) ND(100000) ND(2000) 

1,1-Dichlorcu:thane ND(I6000) ND(100000) ND(IOOO) ND(IOOOOO) ND(2000) 

I, 1-Dichloro~:tltenc ND(J(>OOO) ND(IOOOOO) ND(IOOO) ND(100000) ND(2000) 

Ethyl benzene ND(16000) ND(IOOOOO) ND(IOOO) ND(JOOOOO) ND(2000) 

Xylt:nes (Total) ND(i6000) ND(IOOOOO) ND(IOOO) ND(IOOOOO) ND(2000) 

Hexane' ND··· ND··· ND··· ND··· ND··· 

13enzenc ND(l6000) ND(100000) ND(1000) ND(lOOOOO) ND(2000) 

Not detected (dt:tn:ttvn limit). ~:ND= 
J = Result is detected below the reporting limit or is an estimated concentration. 

WCS-7 WCS-8 WCS-9 
(1-3') (8-10') (8-10') 

32 11001 5401 

72 58000 13000 

240 5300J 40001 

36 ND(6700) ND(5000) 

2.01 ND(3400) ND(2500) 

12 ND(3400) ND(2500) 

1.51 ND(3400) ND(2500) 

15 ND(3400) ND(2500) 

190 ND(3400) ND(2500) 

2.6J ND··· ND---

4.5] ND(3400) ND(2500) 

- - ... -

MW-9 1\lW-10 MW-11 
(l 5-17') (5-7') (30-32') 

J.'.IJ 140J 2.5J 

ND(5.0) 6200 ND(5.0) 

22 ND(1000) 1'.1 

ND(JO) ND(1000) 3.3J 

ND(5 .0) ND(500) ND(S .O) 

ND(S.O) ND(SOO) ND(5.0) 

ND(5.0) ND(500) ND(5.0) 

ND(S.O) 1000 ND(5.0) 

ND(5.0) 2600 ND(5.0) 

ND··· ND--- ND---

ND(5.0) ND(500) ND(5 .0) 

Detection limit is not shown because compound is not on the Method 8240 analytical list; compound was analyzed using a single point standard. 
Compounds shown are ones which were detected during this sampling event. For a complete list of analytes, see Appendix G. 
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TABLE 7 

SUMMARY OF ANALYTICAL RESULTS ON GROUNDWATER SAMPLES 
(Concentrations in ug/L) 

I Compound I MW-l I MW-2 I MW-3 I MW-4 I MW-6A I MW-6B I MW-9 I 
Carbon Disulfide 7300J ND(25000) ND(5.0) ND( 100) ND(1600) ND(25) ND(25) 

Methylene Chloride 15000J. 20000J l.lJ 811 400 5.8J ND(25) 

Toluene 470000 450000 39 1100 25000 680 460 

Acetone ND(50000) ND(50000) 36 ND(200) 3600 N0( 50) ND(50) 

Ethyl benzene ND(25000) ND(25000) ND(5.0) ND(100) 19000 170 ND(25) 

Xylenes (total) ND(25000) ND(25000) ND(5.0) ND(lOO) 56000 460 9.8J 

1,2-Dichloroethene (total) ND(25000) ND(25000) ND(5.0) ND(lOO) ND(1600) 18J ND(25) 

Trichloroet hene ND(25000) ND(25000) ND(5.0) ND(100) ND(1600) 11J ND(25) 

Chloromethane ND(25000) ND(50000) ND(10) ND(200) ND(3300) N0( 50) ND(50) 

1,1-Dichloroethcne ND(50000) ND(25000) ND(5.0) ND(100) ND(1600) ND(25) ND(25) 

Tetrachloroethcne ND(25000) ND(25000) ND(5.0) ND(100) ND(1600) ND(25) ND(25) 

I, 1,1-Trichlorocthanc ND(25000) ND(25000) ND(5.0) ND(100) ND(1600) ND(25) ND(25) 

Vinyl Chloride ND(25000) ND(25000) ND(5.0) ND(200) ND(3300) ND(50) ND(50) 

Notes: ND = Not detected (detection limit). 
J = Rcsull is detected below the reporting limit or is an estimated concentration. 

Compounds listed are ones which were detected during this sampling event. For a complete list of analytes, sec Appendix G. 
All samples collected on May 31, 1991. 
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l\:lW-10 

ND(lOOO) 

23000 

9000 

ND(2000) 

370J 

1100 

290J 

1900 

670J 

660J 

840J 

1400 

ND(2000) 

I MW-11 . I MW-12 I 
ND(5.0) ND(5.0) 

l.OJ 1.4J 

1.6J 5.7 

12 7.4J 

ND(5.0) ND(5.0) 

ND(5.0) ND(5.0) 

4.3J 1.8J 

2.2J ND(5.0) 

ND(lO) ND(lO) 

ND(5.0) ND(5.0) 

ND(5.0) ND(5.0) 

ND(5.0) ND(5.0) 

ND(lO) 3.1J 
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Bm·ing 1 

Numher Owner 

1 Ralph A Wright 

2 Tri-State Dairy 

3 Dryden Rubber Co. 

4 Harold Griffith 

5 Rose Wesley 

6 NA 

7 NA 

Noles: 

TABLE 8 

SUMMARY OF POSSIBLE WATER SUPPLY WELLS 
IN VICINITY OF 3200 MAIN STREET, KEOKUK, IOWA 

Stu tic 
Top of 

Water 
Boring Date of Level Depth Casing 

Number Completion (feet) (feet) Elevation 
Location1 

W-12452 08-16-40 143 277 671 NW1/4, NWl/4, NE1/4, Sec. 23, T65N, R5W 

W-154092 06-14-61 142 271 660 T65N. R5W, Sec 23, NW NE, 2~25 Main St. 

W-08212 08-17-38 NA 642 954 T65N, R5W, Sec. 23, SW NE, 32nd & Jackson St. 

W-180282 08-06-65 167 195 NA T65N, R5W, Sec. 23, SW SW SE 

W-9922 NA4 NA 280 NA T65W, R5W, Sec. 23 

W-31713 NA NA 111 656 NE1/4, SE1/4, NE1/4, Sec. 24, T65N, R5W 

W-35763 NA NA 211 666 NE1/4, NE1/4, SWl/4, Sec. 24, T65N, R5W 

See Figure 8 for locations. 
2 Information obtained from Geosam Tracking System in Iowa City, Iowa. 
3 Information obtained from GSB and USGS Cooperative Geologic file. 
-1 NA = Not available. 
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1.0 - INTRODUCTION 

This document constitutes the detailed work plan for conducting a 

Phase Ill assessment of a· former underground tank facility previously 

situated at the former Sheller-Globe Corporation facility located at 3200 

Main Street in Keokuk, Iowa.· The objective of the investigation is to 

determine the extent of soil and ground-water contamination in the vicinity 

of the five removed underground storage tanks (UST's) formerly located in 

the southwestern portion of the property. 

The scope of the Phase Ill work plan was formulated on the basis of 

the findings of the Phase II site investigation conducted in November of 

1990 and in accordance with the co~ments contained in the January 11, 

1991, letter issued by the Iowa Department of Natural Resources (IDNR). 

More specifically, the Phase Ill work plan focuses on: 

1. 

2. 

3. 

4. 

5. 

Further evaluation of ground-water contamination hydraulically down­
gradient of the UST excavation and potentially related areas of soil 
contamination. 

Further evaluation of shallow soil contamination in the vicinity of the 
former· UST system and the area surrounding monitoring well MW-
6(AB). 

Investigation of potential conduits for contaminant migration. 

Qualitative evaluation of the possibility of contaminant sources other 
than the former UST's. 

Further evaluation of the stratigraphy and aquifer characteristics in the 
study area. 

Although the Phase II study extended into the area north of the former 

UST system resulting in the detection of low levels of contaminants in the 
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shallow soil, the Phase Ill investigation will not evaluate the area further for 

the following reason. It was discovered after conducting the Phase II 

investigation that the IDNR Underground Storage Tank Section had 

previously granted permanent closure status in a letter dated December 13, 

1988, to the UST system located just north of the five UST's (refer to Figure 

1) that is the primary focus of this investigation. In hindsight, the suite of 

compounds found in the shallow soil sample from boring MW-5 during the 

Phase II study was probably associated with the closed UST system and not 

the five UST's to the south. Based upon the available data, the following 

technical approach will be implemented at the subject site. 

2.0 - IN-HOUSE FILE REVIEW 

In an attempt to further .evaluate the possibility of contaminant 

sources in the study area other than the former UST's, Sheller-Globe 

Corporation will conduct an in-house file review and employee interviews 

concerning . historical management practices for volatile organic compounds 

(i.e. industrial feed stock, solvents, and wastes). The findings of the review 

and interviews will be summarized from on-going discussions, memos, and 

verbal reports from Sheller-Globe. 

2 



I 
I 
fl 
!I 
I 
I 
I 
I 
I 
I 
I 
il 
I 
I 
I 
I 
I 
I 
I 

3.0 - FIELD INVESTIGATION 

3.1 - Monitoring Well Locations 

In accordance with the findings and recommendations of the Phase II 

site investigation, additional monitoring wells are proposed at the locations 

indicated on Figure 2. All of the wells will be screened within the deeper 

water-bearing zone of the till as described in the Phase II report. At drilling 

locations at or below the elevation of the slope base which is adjacent to the 

chemical building, the first water-bearing zone encountered could possibly be 

hydraulically connected to the deeper water-bearing zone found at other 

locations. Criteria employed to select the most appropriate well sites 

included: (1) the locations of suspec~ed or known contaminant source areas, 

(2) the locations of existing on-slte wells with respect to known or 

suspected source areas, and (3)-the need for further definition of the spacial 

distribution of hydraulic heads. Down-gradient wells will be located: 

L Near existing weH MW-3. 

2. Southwest of the UST excavation at the bottom of the slope and next 
to the- retaining wall. · 

3. Due south of the UST excavation and across 31st Street in the 
parking area. 

Actual well locations will be determined when field activities 

commence and may differ slightly from the proposed locations to avoid 

utilities and obstructions. 

3 
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3.2- Monitoring Well Installation 

The wells will be installed in unconsolidated materials through hollow­

stem augers of appropriate diameter. The wells will be constructed of 

schedule 40, flush-jointed PVC riser pipe, with a 1 0-foot length of machine­

slotted screen having 0.01 0-inch openings. The well directly down-gradient 

(southwest) of the UST excavation will be 4 inches in diameter to permit 

potential use as a ground-water recovery· well. The remainder of the wells 

will be 2 inches in diameter. 

The annulus between the well and the bore hole will be backfilled to 2 

feet above the screen with clean No. 2 silica sand. A minimum 2-foot 

bentonite seal will be placed above the sand. The remainder of the annulus 

will be backfilled with bentonite gro~t or bentonite chips activated with a 

small quantity of clean water. The wells will be fitted with lockable flush­

mounted protective covers. A graphic well log will be prepared for each 

well. An example of the well construction form is provided in Appendix A. 

Each well will be developed by surging and bailing to reduce turbidity and 

improve hydraulic communication between the well and the formation. 

On the- basis of the Phase II findings, the target depth of the new 

wells will be either within or at the bottom of the water-bearing zone 

encountered at MW-5, MW-6, and MW-8, or within or at the bottom of any 

significant water-bearing sand and gravel seam such as that encountered at 

MW-7. Due to the potential difficulty in discerning the bottom of the low­

permeability water-bearing zone within the till and the probable limited lateral 

extent of the sand and gravel seam, the wells on top of the slope will have 
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maximum depths of 45 feet; and wells at the bottom of the slope will have 

maximum depths of 35 feet. 

The new wells will be ~urveyed to determine top of casing and 

adjacent ground-surface elevations by a certified surveyor. The survey data, 

in conjunction with measured water levels, will be used to develop a 

potentiometric ground-water map across the study area. 

3.2. 1 - Soil Sampling: In conjunction with the well installations, 2-

foot slit-spoon soil samples will be obtained at 5.0-foot intervals throughout 

the bore holes. However, soil sampling for the well directly down-gradient 

of the tank excavation will continue at intervals of 2.5 feet below a depth of 

10 feet until the boring is terminated. The soil samples will be collected via 

the standard penetration test (ASTM P1586-84) with split-barrel samplers. 

The samples will be characterized as to type, color, density or consistency, 

moisture content, and evidence of staining on log sheets by qualified 

personnel. The soils will be classified according to ASTM 02488-69, 

"Description of Soils (Visual-Manual Procedure)". An example of the boring 

log form is presented in Appendix B. 

Each soil sample will immediately be split into two equal parts, one for 

possible laboratory analysis and one for field screening. The samples for 

possible laboratory analysis will be placed in pre-cleaned glass jars provided 

by the laboratory, properly labeled, and placed in coolers with ice. The 

samples for field analysis will be placed in clean 16-ounce glass jars and 

screened using a photo-ionization detector (PID) to measure volatile organics 

in the headspace of the jars. The ambient temperature headspace procedure 

5 
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is provided ih Appendix C. The PID will be calibrated daily according to the 

manufacturer's specifications. 

The sample with the highest headspace instrument response per 

boring will be submitted to the laboratory to be analyzed for volatile organic 

compounds (VOC's) as described in Section 4.1. If no volatile organic 

compounds are detected in the headspace, the sample collected nearest the 

top of the saturated zone will be submitted to the laboratory. 

A chain-of-custody record will accompany all samples to the­

laboratory and will serve to cross-reference the sample number and sample 

location as well as document custody. A typical chain-of-custody record is 

shown in Appendix D. A copy of each chain-of-custody record will be kept 

in the project file. 

Additional soil sampling will be conducted at a number of other 

locations as shown on Figure 3. The holes will be advanced by augering to a 

depth of 10 feet, and samples will be obtained and selected for VOC 

analysis as described above. Soil samples will be collected at three borings 

located along the accessible sides of the UST excavation for the purpose of 

identifying a·nd quantifying the contamination immediately next to the 

suspected source. Soil samples will be collected at four borings (including 

one of the preceding three) along the location of the former UST product 

pipeline for the purpose of identifying a·nd quantifying potential 

contamination in the soils in this area. Additionally, three soil borings will be 

installed within 20 feet of monitoring well location MW-6(AB). The borings 

will be located to the west, north, and east (if feasible). Samples collected 

6 



, I 
I I 

I 
;I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

at these locations will help to determine the lateral extent of the soil 

contaminants identified in this area during the Phase II investigation. 

To prevent cross-contamination during the soil sampling and well 

installation activities, sampHng tools will be decontaminated before the first 

sample, between each sample, and after the last sample by:. ( 1) scrubbing 

with potable water and Alconox, (2) rinsing with potable water, and (3) 

rinsing with Type I deionized water. 

Drilling tools (i.e. augers and drill rods) will be decontaminated before 

the first boring, between borings, and after the last boring using a steam or 

high-pressure hot water cleaner. The runoff generated by the 

decontamination process will be contained and stored in large polyethylene 

tanks until final disposition of all.used decontamination solutions is _ 

determined at the completion of the project. Disposal will be conducted in 

accordance with all applicable state and federal regulations. 

All auger cuttings and excess soil generated during the above drilling 

and well installation activities will be stockpiled at the site. The stockpile 

will be underlain and securely covered by heavy-gauge plastic sheeting 

pending completion of the soil analyses and decision regarding final 

disposition. Disposal will be conducted in accordance with all applicable 

state and federal regulations. 

3.2.2- Ground-Water Sampling: Ground-water samples will be 

obtained from the three new ground-water monitoring wells and existing 

wells MW-1 through MW-4 and MW-6(AB). Prior to sampling, the static 

water level will be .measured in feet below the top of the north side of the 

well riser (inner casing) elevation to an accuracy of 0.01 feet using an 

7 
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oil/water interface probe. The measurement and observations will be 

recorded on the Well Sampling Data log. A copy of the Well Sampling Data 

log is shown in Appendix E. 

Following measurement and recording of the static water level, the 

depth to the bottom of the well and the diameter of the well will be 

confirmed and the static volume of water in the well will be calculated. The 

interface probe and other objects entering the well will be decontaminated 

before use in any other well. The decontamination procedure will consist of 

an Alconox wash, followed by a potable-water rinse, and a final Type I 

deionized-water rinse. 

The wells will be purged prior to sampling using the following method. 

Three well volumes will be removed from each well using a disposable bailer. 

During the purging process, the temperature, pJ-J, and conductivity of the 

water will be measured. When ~hese three parameters "stabilize" and a 

. minimum of three volumes have been removed, the water being purged will 

be considered representative of aquifer conditions. The purge water will be 

stored in large polyethylene tanks prior to proper disposal. 

Wells having a slow recharge rate (i.e. requires 24 or more hours to 

recharge to its pre-purge level) will be bailed dry. Each monitoring well will 

be allowed to recharge sufficiently prior to sampling. Samples will be 

obtained within 24 hours after purging if sufficient recharge exists. If 

recharge is not rapid enough to provide sufficient volume for analysis, 

additional ground water may be collected as recharge permits. If recharge to 

the well is sufficiently fast, ground-water samples will be obtained 

immediately after purging. Information such as the method of purging, time 

8 
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of day, volume of water purged, temperature, pH, specific conductance, and 

other information will be recorded on the Well Sampling LDg. 

Collection of water samples from the wells will be performed using 

_pre-decontaminated and sealed single-use polyethylene bailers. The bailer 

will be lowered down the well and allowed to submerge to a depth near the 

top of the static water level. The bailer will then be removed from the well 

and the water transferred to laboratory-cleaned, 40 milliliter (ml) volatile 

organic analysis sample vials. The vials will then be immediately sealed yvith 

caps which have Teflon septums, labeled, placed in iced storage, and 

shipped to the analytical laboratory. The samples will be delivered to the 

laboratory within 24 hours using the chain-of-custody procedures outlined in 

the previous section. The ground-water samples will be analyzed according 

to the procedures described in Section 4.2. 

3.2.3 -In-Situ Hydraulic Conductivity Testing: Once the wells at the 

site have reached static water-level conditions, "slug" tests will be 

performed at two of the riew down-gradient wells in order to obtain data for 

the potential design of a remediation system . 

Depending on the well diameter and height of water in the well, a 

cylinder of known volume will be quickly lowered beneath the water surface 

causing a rapid rise in the water level. The water level will be allowed to 

recover to at least 80% of the static water level before ending the test. The 

rates of recovery of the water level will be recorded by a data logger 

attached to a pressure transducer previously installed in the well. If time 

allows, the "slug-in" test will immediately be followed by a "slug-out" test 

9 
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conducted by the rapid removal of the cylinder and recording of the recovery 

of the lowered water level to static conditions. 

The transducer and slugs will be decontaminated between wells using 

an Alconox detergent wash followed by potable Type I deionized water 

rinses. Fluids will · not be added to the monitoring wells during the tests, 

thus. minimizing the potential for ground-water quality impact. 

The hydraulic conductivity of the material in the immediate vicinity of 

each monitoring well will be estimated from the data using the method of 

Co_gper et at. (1967). The hydraulic conductivity estimates will be used to 

perform a capture-zone analysis (CZA) for use in a preliminary evaluation of 

grQund-water remediation alternatives. 

4.0 - LABORATORY ANALYSIS 

4. 1 - Soil Analysis 

The soil samples collected during the field investigation will be 

submitted to the laboratory for analysis of volatile organic compounds by 

EPA SW-846 Method 8240. Most of the volatile organic compounds 

routinely have a detection limit of 5 ug/kg or parts per billion (ppb). 

However, the volatile gases normally have 1 0 ppb detection limit; and the 

ketones typically have a detection limit of 100 ppb. For quality control 

purposes, one sample for every 20 soil samples collected will b~ analyzed in 

duplicate. 

10 



I 
I 
I 
I 
.I 

!I 
I 
fl 
II 

I 
I 
I 
I 
I 

4.2- Ground-Water Analysis 

The ground-water samples collected during the investigation will be 

submitted to the laboratory for analysis of volatile organic compounds by 

EPA Method 8240. Previous analyses indicate certain compounds were 

present in the ground water. The list below represents the compounds of 

greatest interest and the detection limits which are typically achieved. 

Benzene 
Toluene 

5 ppb 
5 ppb 
5 ppb 

Ethyl benzene 
Xylenes 

5 ppb 
5 ppb 

100 ppb Methylene Chloride MEK 

For quality control purposes, one ground-water sample will be 

submitted to the laboratory in duplicate. In addition, one trip blank will 
accompany each shipment of samples to ensure quality control. 

5.0 - DATA ANALYSIS & REPORT 

Physical and chemical data obtained during the investigation will be 

reduced in a variety of ways to facilitate interpretation and presentation. 

The following ·data reduction and analysis activities will be performed in 

conjunction with preparation of the investigation report: 

1. 

2. 

3 . 

Geologic Cross Section - One geologic cross section oriented 
approximately parallel to the prevailing ground-water gradient will be 
prepared from subsurface data obtained during this and previous 
phases of the site investigation. 

Ground-Water Contouring - The distributions of hydraulic head will be 
plotted in plan and cross section and a map of the ground-water 
potentiometric surface developed. 

Soil Contamination - Soil contaminant concentrations will be illustrated 
on the base map of the study area. 

11 
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4. Ground-Water Contamination - Ground-water contaminant concentra­
tions will be illustrated on the base map of the study area. 

At the conclusion of the field work, laboratory analysis, and data 

analysis, a report will be prepared describing field and analytical methods, 

field and laboratory data, findings, and conclusions regarding the distribution 

of contaminants at the site. The report will contain all field documentation 

such as chain-of-custody reports, boring logs, well installation diagrams, and 

sampling data sheets. A copy of the final report and supporting 

documentation (i.e. calculations, maps, etc.) will be submitted to the IDNR 

upon its completion. 

The report will include a brief discussion of remediation alternativ~s 

for soil and ground water. The data col!ected during the Phase II and Phase 

Ill studies will assist in determining the feasibility of recovering the 

contaminated ground water in the glacial till formation. Subsequent to 

collection and evaluation of the appropriate data, Sheller-Globe will develop 

proposed soil cleanup standards for this site. The methodology and rationale 

for these proposed standards will be provided to the IDNR. 

12 
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6.0 - SCHEDULE 

The following is a generic schedule for implementing the proposed 

work plan. 

Day 

2-18-91 

0-14 

14-34 

34-94 

94-124 

Submit work plan to IDNR. 

Mobilization after IDNR approval. 

Subsequent to IDNR appfoval, conduct field activities outlined in 
the work plan. 

Analytical testing and. preparation of. site investigation report. 

Submit the site investigation report to the IDNR for review. 

Lll\FEB91 \2969.REP 

13 
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Appendix A · 

Well Construction Form 
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Boring log Form 
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AMBIENT TEMPERATURE HEADSPACE PROCEDURE 

1.0 - Objective: To develop a procedure to standardize ATH readings. 

2.0- Personnel: Qualified environmental technician. 

3.0 - Procedure: Headspace analysis will be performed daily on soil samples 
collected during drilling operations. The soil samples most likely 
will be collected by decontaminated discrete samplers (split 
spoons) or continuous soil/bedrock samplers. 

The sample collection jars (16-ounce glass jars with lids) will be 
decontaminated between each use by utilizing a Alconox wash, 
tap water rinse, followed by a Type I deionized water rinse. 

During soil sampling, take part of the sample obtained and fill the 
jar half full. Immediately cover the jar with a double layer of 
aluminum foil and secure with the screw cap. The half-full jar 
will create a vacant headspace of approximately 300 ml over a 
soil sample of approximately 300 grams. 

Store the soil-filled sample jars at a temperature range of 40°F to 
70°F for 30 minutes. This will' allow all samples collected to 
reach similar temperature ranges prior to analysis. It also allows 
hydrocarbons to uniformly .volatilize from the soil into the . 
container headspace. 

The vacant headspace will be sampled by removing the steel lid 
and retainer ring and piercing the aluminum foil seal with a probe 
extension connected to the PID. The PID has a built-in fan that 
draws vapors into the ionization chamber at a rate of 100 ml per 
minute. At this rate, it will take approximately 3 minutes to 
completely evacuate the headspace in the sample container. 

The PID should reach its peak response within 5 to 10 seconds. 
Therefore, the heads pace reading should be taken between 10 
and 15 seconds after piercing the foil seal. This will be long 
enough for the PID meter to respond but far short of withdrawing 

. enough vapor to affe·ct the vapor equilibrium in the sample 
container. The resulting PID readings will be in parts per million 
(ppm) of total ionizable hydrocarbons based on a benzene 
standard. 

4.0 - Equipment: __ PID/FID 

16 oz. glass jars (pre-cleaned) 

aluminum foil 

headspace data sheets 

5.0- Reference: Detection of Hydrocarbons in Groundwater by Analysis of 
Shallow Soi.I-Gas Vapor, 1985, API. 

6.0 - Reporting: Field Volatile Organic Readings 
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Chain-of-Custody Record 
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CUSTODY NO.:---------PROJECT NO.:----------

CLIENT:------------ .........__.,. ": <" , ® PROJ. MGR.: ----------

LOCATION:----------- CONTAC~-----------
CHAIN OF CUSTODY RECORD 

SAMPLEDB~---------- CEDAR RAPIDS, lA 319-393-3900 

LAOTIO. IN 219-637-3137 

UJ r.n ANALYSIS REQUIRED I 
wa:: 1-a:l a: 
..JW X -< u.UJ vI I I 111/PRES~~~A~~~.ETCI Q.CC a: r.na: FIELD oz 
~~ DATE TIME SAMPLE IDENTIFICATION ti ~CJ d~ ct:;:) :::Ea: MEASUREMENTS 
CIJZ :::E zz go 0 

' 0 

~ 

Relinquished by: (Signature) Date/Time Received by: (Signature) Remarks: 

I 
Relinquished by: (Signature) Date/Time Received by: (Signature) 

I 
Relinquished by: (Signature) o·•r•m• Received by: (Signature) 

Relinquished by: (Signature) oa••rm• Received by: (Signature) 

:•' 

Relinquished by: (Signature) Date/Time Received for Laboratory by: 

I (Signature) 

'. 
_______ _ ____________ _j 
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Appendix E 

Well Sampling Data Log 
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WELL SAMPLING DATA LOG 

Project Field Person ------------------------ ------------------------
Date Time --------------------------- --------------------------------
Well No. ______________________ Sample No. ________________________ __ 

Weather ( oF) --------------------------------------------- ----------
Sampling Method 

Aquifier Sampled Confined/Unconfined --------------- ~--------------

Well Information: 

Depth of Well ____________________________________________ (feet) 

Interval Sampled 

Diameter of Well ·------------(inches) Material ·-----------------
Original Depth to Water· (DTW) (feet) ------------------------------
Final DTW Prior to Sample (feet) 

One Casing Volume--------------------------~------------------~ 
Water Volume Removed ·----------------------------------------------
Estimated Casing Volumes Removed~------~-----------------------

Final Field Parameters: 
Appearance ______________________________________________________ __ 

Odor----------------------------~---------------------------------
Water Temperature ____ ~-----------------------------------------0c 
Specific Conductance M/MHOS/CM@25°C 

pH·---------------------------------------------------------------
Volume 
Purged 

Comments: 

Tgt;!P· 
( C) 

Ph (Cond) 

PCS Lab __________________ _ 

outside Lab ----------------
Date Shipped ______________ _ 

Container Lot i ------------

---------------------------------------------------------

l ~ . PoU.UTION CONTROL SYS'nMS. INC. 
• r- /~ 2337 Blairs Ferry Ad. N.E. 

----· ::._ · -=---"=='- CedarRapids.lowa52402 ----------------------
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March 15, 1991 

Mr. Brian J. Yeich 
Corporate Environmental Scientist 
United Technologies 
Hartford, Connecticut 06101 

RE: S}leller-Glol:>e., . 3200 . Main st. I Keokuk, I ow~ 

Dear Mr. Yeich: 

We have had an opportunity to review the Phase III site assessment 
work plan for the above referenced site. The following comments 
relate to our concerns about the work plan in general and about 
some perceived needs with regard to Chapter 133. 

(1) Chapter 133 requires monitoring wells to identify the 
horizontal extent of contamination at a site. Ultimately, wells 
will be necessary to establish the upgradient contaminant boundary. 

(2) At some phase of investigation we will expect to see wells 
installed deeper than the proposed monitoring wells to further 
define the vertical extent of contamination. 

After a review of the proposed activities, we would like to see the 
following additional investigative activities performed. 

(1) A map showing the full extent of all buildings with relation 
to the present and proposed monitoring wells at the site. 

(2) A study to determine all private and public wells within a l/2 
mile radius of the site with a resulting map indicating the 
locations of those wells with relation to the site. 

(3} Measurement of the static water level in ALL monitoring wells. 
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Mr. Brian J. Yeich 
M~rch 15,... 199..1-­
Page Two 

P.3 

(4) Phase III of the investigation is approved and may proceed 
provided that items (1), (2), and (3) immediately preceding are 
acknowledged and it is understood that these changes will be 
reflected in the investigation and subsequent Phase III results 
report. 

We will look for submission of Phase III results by July 18, 1991. 
Thank you for your cooperation in this matter. 

Sincerely, 

(]t~iiuu~ 
~;~ Th~ye+. 
Environmental Specialist 
Solid Waste Section 

cc: Field Office 6 
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APPENDIX C 

BORING LOGS 
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BORING LOG 
PROJECT NAME Sheller-Globe Facility 
PROJECT LOCATION Keokuk. Iowa 
LOGGED BY C. Fitzgerald DRIUED BY T. Clay 
SURFACE ELEVATION 639.2 ELEVATION DATUM MSL 
GROUNDWATER @ 28.3' AID (@15.3' 24 hrs AD) 
OBSERVATIONS 

. .... ... 

... 
:I: .... 
Q, 
UJ 
0 

DESCRIPTION 

Firm, dark olive brown, medium to highly 
plastic Clay FILL with rock fragments, brick 
fragments, and some . black fragments 
(charcoal?) {FILL) 

Becoming soft to firm 

Soft to firm, yellowish-brown, highly 
plastic CLAY with trace of fine sand, 
gravel, and gray mottling (CH) 

Becoming firm to stiff 

Becoming very stiff 

(I Woodward-Ciyd~ Consultants 

..J 
0 
10 
J: 
>­
(1) 

TASK NO. ___ .:ot:00w...3LJ1L..-... __ 
DATE ___ ~5/u2~3~/9LLI ___ 
RIG --~C.uM~E..=.-.t...55"----

z 
0 
H .... 
<t 
:::> 
UJ 
..J 
UJ 

635 

630 

625 

620 

615 

FIELD 
NOTES 

Boring advanced 
with 4 1/4" I.D. 
HSA 

HNu=B.G. inside 
the auger 

WC>PL 

J 
Slight odor detect,edl 
HNu = 40 ppm 
inside the auger 

HNu = 170 ppm 
inside the auger 
Sampler is slightly 
wet 

~! 
Figure No. A-
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BORING LOG 
PROJECT NAME Sheller-Globe Facility 
PROJECT LOCATION Keokuk. Iowa 
LOGGED BY C. Fitzgerald DRILLED BY I. Clay 
SURFACE ELEVATION 639.2 ELEVATION DATUM MSL 
GROUND WATER @ 28.3' AID (@15.3' 24 hrs AD) 
OBSERVATIONS 

. .... ... 

.. IJ.. 
:::r: (I) DESCRIPTION ..... ~ 
Q, 
UJ .. 
c Q, 

Q, 

SAME: Very stiff, yellowish-brown, 
s highly plastic CLAY with trace of fine 

sand, gravel, and gray mottling (CH) 

With thin gravel seam (3") 

Becoming stiff 
With more sand 

(I Woodward-Clyde Consultants 

...J 
0 
10 z::: 
> 
(I) 

MW-09 
SHEET 2 of 2 
PROJECT NO. --""'-9 .Lll C .... 7L.a3t:~4t.ot3_ 
TASK NO. __ __,l0Llo0t.ot3 ..... 1 __ 

DATE ___ 5""'/u2.-3'.1-/9LIL---
RIG --~C.u.Mu....E.=.-5"'-'5"-----

z 
0 
H ..... 
<I: 
::> 
UJ 
...J 
UJ 

610 

605 

600 

595 

590 

FIELD 
NOTES 

HNu = 75 ppm 
inside the auger 

2 .,.. 

Cuttings are very 
wet 
HNu = 20 ppm 
inside the auger 

Bottom of Boring 
37.0' 

2" PVC monitoring 
well installed upon 
completion 

Figure No. A-
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BORING LOG 

P~ECTNAME ----------------~Suhe~l~le~r~-~Gul~o~be~F~a~c~ilwit~Y------------­
P~ECTLOCAT~----------------~K~e~oQku~k~·~lo~w~a~-------------
LOGGED BY C. Fitzgerald DRILLED BY ________ _..! ..... ~C .... l ... a~V-----
SURFACE ELEVAT~ 624.2 ELEVAT~ DATUM -----"""""M ... S ... L..___ __ 
G~NDWAT~-------~@~2~.~0'-a24~h~rs~A~D~------­
OBSERVAT~ 

.. 
:X: 
1-
Q.. 
UJ 
0 

DESCRIPTION 

Firm, olive green low to medium plastic, 
silty Clay FILL with trace to some gravel 
(FILL) 

Becoming black with chemical odor 

Becoming soft 

..J 
0 
10 :c 
> en 

II II 
II II 
II II 

II 
Ill 
111 
111 
Ill 
Ill 
Ill 
111 
Ill 
Ill 
Ill 

:!! 
i!i 
ljl 
Ill 
Ill 
111 
111 
111 
Ill 
Ill 

II II 
II II 

----------------------------~T?~ Firm, yellowish to olive brown, medium 
to highly plastic CLAY with trace of fine 
sand and some gray mottling (CL/CH) 

Stiff, yellowish-brown, highly plastic 
CLAY with trace of fine to medium 
sand and some gray mottling (CH) 

Becoming very stiff 

Contains thin (1/4") sand seam 

Contains some medium gravel 

Becoming stiff 
Becoming to contain trace of coarse 
gravel (rounded fragments, 1/2" to 3/4") 

Becoming very stiff 

(I Woodward-Clyde Consultants 

MW-10 

SHEET ----'---- of 2 
P~ECTNO. 91C7343 
TASK NO. 0031 
DATE 5/21/91 
RIG CME-55 

z 
0 
H FIELD 1-
<1: 
::> NOTES 
UJ 
..J 
UJ 

Boring advanced 
with 6 1/4" I.D. 
HSA 
~ = 

620 
Some hard drilling 

HNu = 150 ppm 
inside hole; B.Z. = 
B.G. 

Cuttings are black 

615 HNu = B.G. inside 
the split-spoon 
sampler 

610 

605 

600 

HNu = 5 ppm 
inside the auger 
1/4" sand seam 
looks saturated 

Auger cuttings are 
moist 

Poor recovery due 
to a rock fragment 

~· 
Figure No. A-
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BORING LOG 
P~ECTNAME ______________ ~S~h~e~ll~eLr-~G~l~o~be~F~a~ciwli~tY~----------
P~ECT LOCATION ________________ ..... Kllo.leO<lool..llk...wu~.~~ok.._ • ..l.!looLlw~aiL-__________ _ 

LOGGED BY C. fitzgerald DRILLED BY ______ __,~I..._. ~C""'laaJYL......----
SURFACE ELEVATION 624.2 ELEVATION DATUM ______ _..M::...SioUL""'----
GROUNDWATER _______________ @~2~·~0-'a24~h~rs~A~D~-------------
OBSERVATIONS 

. .... ... 

.. 
:J: .... 
Q, 
LIJ 
0 

.. 
Q, 
Q, 

DESCRIPTION 

SAME: Very stiff, -brown, 
highly plastic CLAY with trace of fine 
sand, fine to coarse gravel, and some 
gray mottling, with thin (1/8-1/4") 
silt seam and sand seam (1/2-3/4") (CH) 
Becoming hard 

, yellowish-brown, fine grained, 
SAND (SM) 

Hard, yellowish-brown, highly plastic 
CLAY with trace of fine sand and fine 
to medium gravel (CH) 
Contains thin (1/2") sand seam 

fif Woodward-Clyde Consultants 

...J 
0 

~ 
>­
(1) 

MW-10 
SHEET 2 of 2 
P~ECT NO. __ 9ul~Cu7"""34~3...__ 
TASK NO. ___ --l0.a.Ot..z3.Ll __ 
DATE ______ 5>Lj/u;2...,1./-/9L.l.__ __ _ 
RIG ---~C"""M.!,I,I,jE~-5.r...5L..-__ 

z 
0 .... .... 
~ 
::::> 
LIJ 
uj 

595 

590 

585 

580 

575 

FIELD 
NOTES 

HNu =- 5-6 ppm 
inside augers; B.Z. 
= B.G. 
Cuttings are very 
wet (mud) 

Sand is saturated 

Bottom of Boring 
32.0' 

4" PVC monitoring 
well installed upon 
completion 

Figure No. A-



I BORING LOG MW-11 
PROJECT NAME Sheller-Globe Ea.~ili~ SHEET of 2 

I PROJECT LOCATION Keokuk. Iowa. PROJECT NO. 21C13~3 
LOGGED BY C. Eit:z:sera.ld DRILLED BY I. Cla.~ TASK NO. 0031 
SURFACE ELEVATION 621.3 ELEVATION DATUM MSL DATE 5l20l21 

1 
GROUND WATER ® 28.5' 10 minutes AO; ® 5.~· 2~ hours AD RIG CME-55 
OBSERVATIONS 

. 
~ 
~ LIJ z 

I ...J 0 .. >- u u. H 0:: z 0 FIELD :I: LIJ LIJ ~ 
(J) 

DESCRIPTION 10 .... .... ~ ~ 
0. 0. :> .... :c :> NOTES >- 0 (J) >-LIJ .... u H .. (J) LIJ 
0 LIJ (J) 0. ...J 

:I 0:: LIJ 0. LIJ 
0:: 

Boring advanced 

;I Firm, dark olive brown, medium plastic with 4 1/4" 1.0. 
Clay ALL with rock fragments and some HSA 
sand (ALL) . 
~------------------------~ 625 

tl 
Firm, grayish-brown, low plastic, Silty 
CLAY (CL) WC>PL 

fl J 

~I 620 HNu = B.G. in B.Z. 
Becoming yellowish-brown and inside augers 

:I 
1 .I With some gray mottling 

WC>PL 

.I 
Becoming medium plastic 615 

Becoming stiff 

~I --------------------------
1 Stiff, yellowish-brown, highly plastic 

CLAY with trace of fine to medium 

I 
sand and rounded gravel fragments, with 
some gray mottling (CH) Sampler is wet 

610 

I Cuttings are moist 

I 2 HNu .. B.G. in B 
s 6 and inside augers 

I 
10 Becoming very stiff 

605 

I 
I ~ (I Woodward-Clyde Consultants Figure No. A-
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BORING LOG 
PROJECT NAME Sheller-Globe Facility 
PROJECT LOCATION Keokuk. Iowa 
LOGGED BY C. Fitzgerald DRILLED BY T. Clay 
SURFACE ELEVATION 627.3 ELEVATION DATUM MSL 
GROUNDWATER @ 28.5' 10 minutes AD; @ 5.4' 24 hours AD 
OBSERVATIONS 

. .... ... 

.. 
::X: .... a.. 
UJ 
0 

.. 
a.. a.. 

DESCRIPTION 

SAME: Very stiff, yellowish-brown, 
highly plastic CLAY with trace of fine 
sand and gravel and some gray mottling 
(CH) 

Becoming hard 

Contains thin sand seam (2") 

With abundant sand 

Dense, yellowish-brown, fine grained 
SAND with silt and trace of gravel (SM) 

Hard, yellowish-brown, highly plastic 
CLAY with trace of fine sand and 
with some gray mottling (CH) 

flwoodwa e Consultants 

..J 
0 

I! 
> 
(/) 

MW-11 
SHEET 2 of 2 
PROJECT NO. _----£.9L.:l C .... 7!..a3t.:l4Uo£3_ 
TASK NO. __ -..\0Ll.l0~3"-l __ 
DATE_--~5~/~2~0~/9~1~-­
RIG --~C.u.M.!U.<E~-5r~...5l..--__ 

z 
0 
H .... 
<1: 
:> 
UJ 
..J 
UJ 

FIELD 
NOTES 

600 HNu "" B.G. inside 
augers 

595 

590 

585 

580 

sz = 

Cuttings contain 
higher silt and sand 
content 
Cuttings are 
saturated 

Bottom of Boring 
37.0' 

Water beard 
running into 
augers left in hole 
overnight 
2" PVC monitoring 
well installed upon 
completion on 
5/21/91 

Figure No. A-
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BORING LOG 
PROJECT NAME Sheller-Globe Facility 
PROJECT LOCATION Keokuk. Iowa 
LOGGED BY C. Fitzgerald DRILLED BY I. Clay 
SURFACE ELEVATION 643.7 ELEVATION DATUM MSL 
GROUNDWATER None detected AID(@ 7.75' 4 days AD) 
OBSERVATIONS 

. .... .... 

.. 
:J: .... 
CL 
UJ c 

DESCRIPTION 

Soft to firm, olive to dark olive brown, 
low plastic, silty Clay FILL with gravel, 
brick fragments, and trace of wood 
fragments (FILL) 

Becoming dark brown to black 

Firm, yellowish-brown, highly plastic 
CLAY with trace of fine sand, gravel and 
gray mottling (CH) 

Becoming stiff 

Becoming firm 

Becoming stiff to very stiff 

Becoming stiff 

~~ Wbodward-Ciyde Consultants 

_. 
0 
10 

~ en 

••• • 
•••• 
•••• 
•••• 
•••• •••• 
•••• •••• 
•••• 
•••• 

MW-12 

SHEET of 2 
PROJECT NO. 91C7343 
TASK NO. 0031 
DATE 5/24/91 
RIG CME-55 

z 
0 

~ FIELD 
~ NOTES 
UJ _. 
UJ 

Boring advanced 
with 4-1/4" 1.0. 
HSA 

Hard drilling 
HNu = 2 ppm 

•••• 640 
•••• •••• 
•••• •'•' .... 
' i' i 

635 

HNu = B.G. 

630 

625 

HNu = B.G. 

620 

Figure No. A-
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BORING LOG 
PROJECT NAME Sheller-Globe Facility 
PROJECT LOCATION Keokuk. Iowa 
LOGGED BY C. Fitzgerald DRILLED BY T. Clay 
SURFACE ELEVATION 643.7 ELEVATION DATUM MSL 
GROUNDWATER None detected AID(@ 7.75' 4 days AD) 
OBSERVATIONS 

. 
~ ... 
.. u. 

:I: (I) DESCRIPTION 1- ~ 
Q., 
w .. 
0 Q., 

a. 

SAME: Stiff, yellowish-brown, 
plastic CLAY with trace of fine 
gravel, and gray mottling (CH) 

Becoming stiff to very stiff 

Becoming very stiff 

(I Woodward-Clyde Consultants 

..J 
0 

~ 
>-
(I) 

MW-12 
SHEET 2 of 2 
PROJECT NO. -~9ul~Cu7..J:.34L3l..._ 
TASK NO. __ _,_l0Lloj0l.J.3..&..1 __ 
DATE ___ 5ri.J/u2a4'.1-/9z..lL._. __ 
RIG --~C.cJ.M.!U.<Ec=.-Sr~.aSL-__ 

z 
0 
H 
1-
<E: 
:::> 
w 
..J 
w 

615 

610 

605 

600 

595 

FIELD 
NOTES 

HNu = B.G. inside 
augers 

Cuttings are very 
wet (mud) 

Bottom of Boring 
37.0' 

2" PVC monitoring 
well installed upon 
completion 

Figure No. A-
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BORING LOG 
PROJECT NAME Sheller-Globe Eacilit~ 
PROJECT LOCATION Keokuk. Iowa 
LOGGED BY C. Eit~aerald DRILLED BY I. Cia~ 
SURFACE ELEVATION 6~1.2 ELEVATION DATUM MSL 
GROUND WATER None detected AID 
OBSERVATIONS 

. SAMPLE +-.... Ul 

~ 
u u.. .. z :I: Ul <I: 

(I) DESCRIPTION .... ~ a.. a.. 

~ 
.... 

>- (I) Ul .... H .. 
c (I) a.. 

Ul a.. 
,.. 0:: ., 

!\Asphalt J 

rn Stiff, dark olive brown, medium plastic, 
Clay FILL with trace of rock and brick 
fragments (FILL) 

9 

2 Becoming soft 
s 2 5- f-

1 
I 

Becoming firm 

~ 3 
s 3 

4 
1: 1 

15- r-

20- r-

,..~ 

C.iJ 
-. {I Woodward-Clyde Consultants 

I WCS-02 
SHEET I of 1 
PROJECT NO. 21C1J~J 
TASK NO. QQJl 
DATE SL28L21 
RIG CME-SS 

z 
...J 0 

H 0 FIELD 10 .... 
<I: J: ::> NOTES >-

(I) Ul 
...J 
Ul 

Boring advanced ::::! 
II I I with 3-1/4" I.D. II II 640 II II HSA II II 
II II 
II II 
1111 
1111 
II II 
I I II t-
II II 
II II 
II II 
II II 
1111 ,. 

- ! : !i 
jljl 
II II 
II II 

Some hard drilling 
II II 635 HNu • IS ppm II II 
II II 

near cuttings; B.Z. II II 
II II =- B.G. II II 
II II 
II II 
II II 

Bottom of Boring II II 
II II 
I I II 
II II 

I I 
lljljl 

10.0' 

630 
Boring backfilled 
with auger cuttings 
upon completion 
HNu =-50 ppm 
inside boring after 
auger removal 

-

625 

-

620 

t= -· ~ 
Figure No. A-
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BORING LOG 
PROJECT NAME ________ >2,Sbl.l!ei<.lliJ.!le..,.r.=-~Gul!.Lob!.l!ei<.....LF-'la~c..uil.!.litu:v _____ _ 
PROJECTLOCAT~N--------~K~e~ok~u~k~·~Io~w~a~--------
LOGGED BY C. Fitzgerald DRILLED BY ____ _.T~.....~C""'llila~y---
SURFACE ELEVATION 641 .6 ELEVATION DATUM ___ _J.!M:~o.~S.uL"'----
GAOUNDWATER _______ ~N~o~n~e~d~e~t~ec~t~e~d_.A~T~D~--------
OBSERVATIONS 

. SAMPLE +-.... 11.1 

... 
~ 

u z :I: 11.1 (1: 1- Q, 1-Q, >- r (/) 
11.1 1- ~ H 0 (/) 

11.1 

" 
0:: 

u 

-oo s 5 
- 5 

5 

5~~ 
4 
5 

-

- s 

1C 

-

-

-

15-

-

-

2Q-

--

2 
2 
2 
3 

LL 
(/) 
:li£ 

... 
Q, 
Q, 

DESCRIPTION 

j\Ac:nhlllt j 

r\~~tum dense, medium to coarse gravel/ 

t- Stiff, dark olive brown, medium plastic, 

-

-

silty Clay FILL with gravel and trace 
of brick fragments (FILL) 

Becoming soft to firm, beginning to. 
contain more fragments of brick or 
gravel? 

{I Woodward-Clyde Consultants 

-

-

..J 
0 

~ 
>­
(/) 

I WCS-03 
SHE~ 1 ~ 1 
PROJECT NO. -----'9.!..:!1 C"'7L.a3L:i4L.o£3:..,__ 
TASK NO. ___ l£:00w..3.L.Jl~._,_ __ 
DATE_--~5~/~2~2~/9~1~._,_ __ _ 
RIG ----~Co<.!M!:.UooE.=.-5ol,a5L,_ __ _ 

z 
0 
H 
1-
(1: 
:::> 
11.1 
..J 
11.1 

630 

625 

620 

FIELD 
NOTES 

Boring advanced 
with 3-1/4" I.D. 
HSA 

HNU =50 ppm 
inside boring; B.Z. 
= B.G. 

HNu = 150 ppm 
inside sampler 
Hard drilling 

HNu • 150 ppm 
inside borehole 
after auger removal 

Bottom of Boring 
10.0' 

Boring backfilled 
with auger cuttings 
upon completion 

Figure No. A-



I BORING LOG I WCS-04 
PROJECT NAME Sh~ll~r-Globe Ea~ility SHEET 1 of 1 

I 
PROJECT LOCATION K~okuk. Iowa PROJECT NO. 21CZ3~3 
LOGGED BY c. Eitza~rald DRILLED BY I. Clay TASK NO. 0031 
SURFACE ELEVATION 6~1.6 ELEVATION DATUM MSL DATE 5L22l21 

I 
I 
I 
I 
[I 

GROUND WATER Non~ d~t~~t~d AID RIG CME-55 
OBSERVATIONS 

. SAMPLE +-... UJ 
z 

~ 
_J 0 u LL H ... z 0 FIELD z UJ <1: (/) DESCRIPTION co .... .... ~ J: <1: 0.. .... ::> NOTES 0.. >-

~ 
(/) >- UJ UJ .... H ... (/) _J c (/) 0.. 

UJ 
UJ 0.. 

" 
Q: 

v 

!\Asphalt Boring advanced J :1::1 

Firm, dark olive brown, low to medium Ill with 3-1/4• I.D. Ill 

plastic, Clay FILL with abundant gravel, 111 

1- 640 HSA Ill 

sand, and occasional pieces of rubber or 111 
111 

foam (FILL) Ill 
111 
Ill 
Ill HNu = 35 ppm 111 
111 inside augers Ill 
Ill 

.I 
5- s 4 !!! 

r- Becoming firm to stiff - j;j 

4 ljl HNu- 150 ppm 
2 

Ill 

inside augers - 111 
Ill 

I 
I 

Ill 
635 Ill 

1:: Becoming dark brown to black !_I_ !_I_ 
t-•. - - - - - - - - - - - - - - - - - - - - - - - - _, 

~ rn Firm, yellowish-brown, highly plastic 
CLAY with trace of fine sand, gravel, 

~ and some gray mottling (CH) 

1: 4 ~ 

I 
Bottom of Boring 

10.0' 
630 Boring backfilled 

with auger cuttings 

I upon completion 

I 15- r- -

I 625 

I -

-1 20- r- -

I 620 
-

-

I -

-~ 

I ~ 
'~ 

-(I Woodward-Clyde Consultants Figure No. A 
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BORING LOG 
PROJECT NAME Sheller-Globe Ea!;ili1Y 
PROJECT LOCATION Keokuk. Iowa 
LOGGED BY C. Eit01;gerald DRILLED BY I. Clay 
SURFACE ELEVATION 641..S ELEVATION DATUM MSL 
GROUND WATER None dete!;ted AID 
OBSERVATIONS 

. SAMPLE +-... LLI 

~ 
.. u LL. z :c LLI <X: (I) DESCRIPTION 1- ::.£ 

Q.. Q.. 

~ 
1-

> (I) 
LLI 1- H .. 
0 (I) Q.. 

LLI Q.. 

" 
0:: 

"' 1\Ac:nh~lt 

Stiff, dark olive-brown, medium to 

s I~ 
highly plastic, Clay FILL with sand, 
gravel, and small rock and brick . 
fragments (FILL) 

,. 

sJT ~ "' 

2 
3 

~ Firm, dark yellowish-brown, highly 
1" 4 

[\;!~ic CLAY with trace of sand and '"' 
mottling (CH) · 

- r-

15- ~ 

-

20- ~ 

-

'-<J 

(I Woodward-Clyde Consultants 

I WCS-05 
SHEET I of 1 
PROJECT NO. 21C7343 
TASK NO. QQ31 
DATE .Sl28l21 
RIG CME-.S.S 

z 
..J 0 

H 0 FIELD co 1-
<X: J: :::> NOTES > 

(I) LLI 
..J 
LLI 

-I :•::. Boring advanced 
'•' with 3-1/4" I.D. 
'•' '•' 640 HSA 
'•' '•' ••• '•' '•' ••• Some hard drilling '•' '•' '•' '• ' '•' !t! 

- .,. 
:.: 
••• '•' '•' '•' 635 '•' '•' '•' '•' '•' '•' '•' HNu = 200 ppm ,., . 

•••• 
: ~ I i : inside augers 

0 
Bottom of Boring 

10.0' 
630 Boring backfilled 

with auger cuttings 
upon completion 
HNu = 140 ppm 
inside boring after 
auger removal 

-

625 

-

620 

-

Figure No. A-
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BORING LOG 
PROJECT NAME Sheller-GIQbe Ea!;;ilit:i 
PROJECT LOCATION KeQkuk. IQwa 
LOGGED BY C. Eit:z:serald DRILLED BY I. Cla:i 
SURFACE ELEVATION 6~1.8 ELEVATION DATUM MSL 
GROUND WATER t:{Qne dete!;;ted AID 
OBSERVATIONS 

. SAMPLE 
~ 
~ UJ 

[ 
u LL .. z :I: UJ <I: (I) DESCRIPTION .,_ 

Q.. .,_ ~ 
Q.. >- ~ 

(I) 
UJ .,_ H .. 
c ~ (I) Q.. 

UJ Q.. 

,.. a: 
" hO l~U~ J 

Very loose, fine to coarse Gravel FILL 
with some sand and a trace of clay (FILL) 

~ 2 
5- s 2 f-

2 
I 

~--------------------------Firm, yellowish-brown, highly plastic 

Is I~ 
CLAY with trace of fine sand and gravel 
(CH) 

1G 

15- f-

-

-

-

2Q- f-

-

-

-

-

,..,.. 
c.w .._ 

Woodward-CI y de ConJultants 

l WCS-06 
SHEET l of 1 
PROJECT NO. 21C13~3 
TASK NO. QQ31 
DATE ~L28l21 
RIG CME-~~ 

z 
...J 0 

H 0 FIELD co 
.,_ 

J: <I: 
NOTES >- ::> 

(I) UJ 
...J 
UJ 

l~--:· 

: ~ : : ! Boring advanced 
II II with 3-1/4" 1.0. 
II II 

HSA II II 
II II 640 II II 
II II 
II II 
II II 
II II Chemical odor II II 
I ill HNu = 300 ppm II II 
II II inside augers; B.Z. 
I ill 
1!11 = B.G. - .. ,. 
.:,: 

Poor recovery II II 
I ill because of coarse II II 
II II gravel II II 

~ 1 : j I 635 

~ 
~ ~ 

Bottom of Boring 
10.0' 

630 
Boring backfilled 
with auger cuttings 
upon completion 
HNu = 100 ppm 
inside boring after 
auger removal 
Note: Borehole 

- caved in (gravel) 
upon auger removal 

625 

-

620 

Figure No. A-
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BORING LOG 

PROJECT NAME --------'S..uhw.e<..tJllu..e.~...;r-~Gol.Jlllo!o..w:be!L....LF..ila~ciwliu.tYI------­
P~ECTLOCAT~~~------~K~e~ouk~u~k~.~Io~w~a~-------
LOGGED BY C. Fitzgerald DRILLED BY ___ __.I...._. _,C...,la....:Y~----
SURFACE ELEVAT~ 641.6 ELEVATION DATUM ___ _.MuSWJLw...,_ __ 
GROUNDWATER ________ ~N~oune~dU<et~e~c~te~dwA~T~D~------
OBSERVATIONS 

. .... ... 

.. 
:I: 
1-
0.. 
UJ 
0 

1 

DESCRIPTION 

Stiff, dark olive brown to dark brown, 
low plastic, silty Clay FILL with sand, 
gravel, brick fragments, and trace of 
glass (FILL) 

Becoming dark brown 

Becoming soft to firm 

Stiff, yellowish-brown, highly plastic 
CLAY with trace of fine sand, gravel and 
some gray mottling (CH) 

WCS-07 
SHEET of 1 
P~ECTNO. 91C7343 
TASK NO. 0031 
DATE 5/23/91 
RIG CME-55 

640 

635 

630 

625 

620 

FIELD 
NOTES 

Boring advanced 
with 3-1/4" I.D. 
HSA 

Bottom of Boring 
10.0' 

Boring backfilled 
with auger cuttings 
upon completion 

Figure No. A-
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BORING LOG 
PROJECT NAME Sheller-Globe Ea~::ilit:i 
PROJECT LOCATION Keokuk. Iowa 
LOGGED BY C. Eit2;gerald DRILLED BY I. Cla:i 
SURFACE ELEVATION 640.8 ELEVATION DATUM MSL 
GROUND WATER l:!!one dete~::ted AID 
OBSERVATIONS 

. SAMPLE +-... LIJ 

I 
u u. -.. z :I: LIJ <t (I) DESCRIPTION .... ~ 

Q. Q. .... 
LIJ >- (I) .. 
c .... H Q. (I) 

LIJ Q. 

n a: - \Concrete I 
2 - Firm, dark olive brown, low to medium s 3 plastic, Clay FILL with sand, gravel, 
2 - brick fragments and wood fragments {FILL) 2 

-
Beco.ming dark brown to black 

-

m Becoming very soft to soft 
5- ~ -

-
1 

Becoming stiff 
-

~--------------------------
-

m 
Stiff, dark yellowish-brown, highly 
plastic CLAY with trace of fine sand, 

- gravel, and some gray mottling (CH) 

1" -
-

-

15- f- -

-

-

2Q- ~ -

-

- 1-

-

~ ... 
... .., 

- .. ~ = (I Woodward-Clyde 'Consultants 

I WCS-08 
SHEET 1 of 1 
PROJECT NO. 21C7343 
TASK NO. QQJl 
DATE 5L23L21 
RIG CME-55 

z 
0 ..J H 0 FIELD CD .... 
<t E: :> NOTES >- LIJ (I) ..J 
LIJ 

~~--· 
: ! : ~ ! Boring advanced 
II II 640 with 3-1/4" I.D. 
II II 
II II HSA 
II II 
II II 
II II 
II II 
II II 

1;: Very hard drilling 
I ;I 
II II 
II II 
II II Broke through 

I I 

'/ something hard at 
I jl 4'-4.5' 
II II 635 II II 
II II 
II II 
II II 

!:;:: 

?a 
~ ~ 

630 
Bottom of Boring 

10.0' 
Boring backfilled 
with auger cuttings 
upon completion 

625 

620 

Figure No. A-
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BORING LOG 
PROJECT NAME Sheller-Globe Ea~ilitY 
PROJECT LOC-ATION Keokuk. Iowa 
LOGGED BY C. Eit~gerald DRILLED BY I. Clay 
SURFACE ELEVATION 6~1.2 ELEVATION DATUM MSL 
GROUND WATER ~on~ d~t~~t~d AID 
OBSERVATIONS 

. SAMPLE 
~ 
&p 

U.l 
>- u u. .. 
~ z :I: U.l U.l <t (J) DESCRIPTION ._ 

Q.. ::> ._ :w: 
Q.. >- 0 (J) 
U.l ._ u H .. 
0 U.l (J) Q.. 

~ U.l 
Q.. 

,.. ~ 
v 

-rsiT hCt"'-~rete J 

Fine to coarse grained gravel FILL (FILL) 
6 Becoming firm, olive brown to dark olive 

- 'i brown, medium plastic, silty Clay FILL with· 
gravel, rock fragments, and trace of 

- wood 
Becoming soft to very soft 

-rsiT 5- r- -
1 
I 

- Becoming stiff 
~--------------------------Stiff, yellowish-brown, highly plastic 

-

rn CLAY with trace of sand and gravel and 

- with gray mottling (CH) 

1~ 

-

-

-

15- ...... -

-

-

-

-

20- r- -

-

-

-

-

"'"' LCJ 

(I Woodward-Clyde Consultants 

I WCS-09 
SHEET I of 1 
PROJECT NO. 21C:Z:H3 
TASK NO. QQJl 
DATE 5L2~L21 
RIG CME-55 

z 
..J 0 

H 0 FIELD 10 
._ 

~ <t NOTES >- ::> 
(J) U.l 

..J 
U.l 

~~...,: 

: ~ : : ~ Boring advanced ,,,, with 3-1/4" J.D. ,,,, ,,,, HSA ,,,, 
640 ,,,, ,,,, ,,,, ,,,, ,,,, 

HNu :z B.G . .. ,, ,,,, ,,,,, ,,,, ,,,, 
HH~ 
1: 1: ,,,, ,,,, ,,,, ,,,, ,,,, ,,,, 

635 : ~ : ! I 

~ 
~ ~ 

Bottom of Boring 
10.0' 

Boring backfilled 
630 with auger cuttings 

upon completion 

625 

620 

Figure No. A 
-

~ -. = 
.. 
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APPENDIX D 

MONITORING WELL INSTALLATION REPORTS 
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GROUND W A TEA OBSERVATION WELL REPORT 

ProjectName Sheller-Globe Facility Plez./Well No. :....:.M.:..:.W_-9~----­

Project No. ~9o<...1:..oC~7'--'3'--'4'""'3'-----Location Keokuk Iowa 

Installed by Hannibal Testing Laboratories 0de 5/23/91 
I Time .. 14: 35 Inspected by Chr j s fi tzgera I d 

Method of Installation 4 1/411 I D Ho II ow Stern Augers 
Remarks Well is flush mounted 

~~ 

------- --

r--..,...+------ Elevation of top of riser pipe .Q39_.__Q_~_1 __ _ 

----Height of riser above ground -0.18 1 

~MJ~----I.D./Type of surface casing lll!~--­
mounted manhole cover 

---Type of surface seal Sa!s_r_e_t_e _____ _ 
concrete 

1 • 5 I r ... ~---- Depth of surface seal _ _;__:: ____ _ 

.... -----I.D./Type of riser pipe 211 Sch. 40 
PVC 

-------Type of backfill Volclay grout 

Depth of top of seal 20. r; 1 

v~f------ Type of seal 1 I 411 Ben ton i te pe 11 e t s 

22.5 1 
Depth of top of filter pack 

Depth of top of screen 24.42 1 

.+------ Type of filter pack 20-40 Co 1 or ado 
Silica sand 

-f-4.1------I.D./Type of screen 211 Sch • 40 PVC 

1 
Screen slot size 0. 01 O'' 

r--- Depth of bottom of screen 34.42 1 

Depth of bottom of plugged bank 
35

• 0 1 

1 ..... ~---. •• +-1 .. ----- Ty::c~~:ackfill below observation wel-13-5-.-o-~---_ Depth of bottom of boring __ 

Diameter of boring ---=8=-·-· ____ _ 

Woodward-Clyde Consultants Fig. ____ --··· __ 
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GROUND W A TEA OBSERVATION WELL REPORT 

Project Name -~S'-!..!h~e..!..l-'-'1 e::::.:r,_-_,G::...:l...::o:..::b-"'e---'--'Fa"'"'c~i l~i'-!t:..Ly ________ _ PleL/Wel No. ---'-'M_!.!.W_--'-'1 0><---------

Location ----'-'-Ke-=-o=-k--'u-=-k...L..---'-1-=-ow_a"'----------------- Project No. __ 9..,_1'-'C!..../.7_.3'--'4_._3 __ _ 
Date ____ 5u./...£,2'-'1.L/..J.9...L1 ___ _ 

lnme 16:45 
lnstalledby Hannibal Testing Laboratories 

lnspectedby Chris Fitzgerald 

Method of Installation 6 1/411 I D ( 9'' 0. 0.) Ho 11 ow Stern Augers 
Remarks ____ _.W._,e,_.l--1.1---L.i ..._s _fL.._l.._,u....,sl..l.hL.JJ.Jm""o...._unLLt....,e...,d..___ ___________ _ 

.--......... +------ Elevation of top of riser pipe ~.1! . ..9~-'- __ _ 

---- Height of riser above ground -:.0....2.l'_ 

0
. Y- -Ground Elevation _Q_2_!!_..)_1_' __ 

-0 /.t\:l'.t< 

8 10/T f f · Flush 
0 

. • ype o sur ace casmg ______ _ 
8- mounted manhole cover 
o · 
. ...,,__ ____ Type of surface seal Sakr:e_te_ ____ _ 

concrete 

r .... ~---- Depth of surface seal _1!_!.~5~'----

J.+I-----I.D./Type of riser pipe 4" Sch. 40 
PVC 

-------Type of backfill Volclay grout 

Depth of top of seal 

v .... r------- Type of seal 1/411 Ben toni te pe 1 1 e t s 

Depth of fop of filter pack -=1__,_7-=-· ,_5 _' __ _ 

Depth of top of screen _1....;;.9_._4_2_' __ _ 

.+------Type of filter pack 20-40 Co 1 or ado 
Silica sand 

_..4-------I.D./Type of screen 4" Sch. 40 PVC 

1 

Screen slot size 0. 0 10 11 

r--- Depth of bottom of screen 

Depth of bottom of plugged bank 

29.42' 

~---- 30.0' 

1 ... • .. .--· ··.J-1 .. ----- Ty::c:::ac~!~e below observation well ·3~0:...!.·-=-o-' ---

Depth of bottom of boring -
Diameter of boring _9.L'_' ____ _ 

Woodward-Clyde Consultants Fig. _ _____ _ 
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GROUND WA TEA OBSERVATION WELL REPORT 

Project Name _ _,S'-'-'h'""'e'-'-1_,_1 ~e_,_r_-G,_l,_,o~b"""e::.._:_F__.,a'""'c'-'-i_,_l_,_i _,_t Y.f----------- PieL/Wel No. .:__M'""'W_-....._1-'-1 _____ _ 

Location __ ___:_:Ko.=:e=-o.:..o.k=-uk'-!...L--'I~o~w,_,a,___ ____________ _ Project No. _..._9-'--1 C=-7._.3.._4.:...3._ ___ _ 

Installed by _· _ _,_H=a"'-'n'-'-'n'-'-i-=b=a_,_I_T-'-'e=s=-t"-'i'-'-n~g.__,L,_,a-=b-=o_,_r"'"a-"'to,_r,____,_,i e"-'s,__ _____ _ Date 5/21/91 
I Time ·· 07:30 Inspected by ___G_b r j s F j t zg era 1 d 

Method of Installation 4 1/411 I D Ho] 1 ow Stern Augers 
Remarks 

l! 

Well is flush mounted 

_.....,...._ _____ Elevation of top of riser pipe QDJ~-~-- _ 

--- Height of riser above ground ::0....2.1_1 

..,.~1------I.D./Type of surface casing Flush 
mounted manhole cover 

.~L------ Type of surface seal .,S_gls.re_t.~ 
concrete 

1. 5 I r~----- Depth of surface seal _:_:~-----

~-----I.D./Type of riser pipe 211 Sch • . 40 
PVC 

-------Type of backfill Volclay grout 

Depth of top of seal 20. 5 1 

v,.~------- Type of seal 1 I 411 Ben ton i te pe 1 1 e t s 

Depth of top of filter pack ....:2=2:..::.'-=-5_1 
__ _ 

Depth of top of screen 24. 42' 

. ......._ _____ Type of filter pack 20-40 Colorado 
Si 1 ica sand 

211 Sch. 40 PVC -f4+------ I.D./Type of screen -=----==-=---=-=-__:__:--=---

- · j Screen slot size 0. 01 o" 

34.42' - . ~ Depth of bottom of screen 

Depth of bottom of plugged bank 
35

. 01 I > ........... +-! .. ----- Ty::c:;::n~kfill below observation well 

35

.

0 

• 

Depth of bottom of boring 
Diameter of boring ~8-" ____ _ 

Woodward-Clyde Consultants Fig. __ _ _ 
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GROUND W A TEA OBSERVATION WELL REPORT 

Project Name _ _..St.LJh""'e_..l _..) ,...e.._r_-!>LG .1..!1 ootJb>L~e'"----lF-<a..,.c._,jJ)_._j_..t+Y---------- Plez./WeR No. MW-12 

location Keokuk, Iowa Project No. 91C7343 __ _ 

Date ---~5u./~2:..:J4'.L/..::l.9..L1 ___ _ 
lnme 13:02 

lnstalledby Hannibal Testing Laboratories 

Inspected by Chr j s F j tzgera I d 
Method of Installation 4 1 /411 1 D Ho 11 ow Stern Augers 
Remarks 

- -·· ·- -----

j 

Well is flush mounted 

.---..-1------Eievation of top of riser pipe ~..l....!i~--

----Height of riser above ground-0. 26 ~ 

~~f-----I.D./Type of surface casing £l.u.~-­
mounted manhole cover 

41"1----- Type of surface seal Sa15,r.e_te_ . ·-· ·-­
concrete 

D 1.5 1 
,. ... >------- epth of surface seal _:_:..L___ 

14-f-----I.D./Type of riser pipe 211 Sch. 40 
PVC 

-------Type of backfill Vo 1 c 1 ay grout 

Depth of top of seal 

v,.-----Type of seal 1/411 Bentonite pellets 

22.5 1 

Depth of top of filter pack 

Depth of top of screen 24.42 1 

.4------ Type of filter pack20-40 Colorado 
Silica sand 

~i------I.D./Type of screen 211 Sch. 40 PVC 

1 
Screen slot size 0. 01 O" 

r-- Depth of bottom of screen 34.42 1 

Depth of bottom of plugged bank 

I 
section 35.0

1 

I ..... >--+-.. -----Type of ~~~~fill below observation well 

35

• 

0

' 

Depth of bottom of boring 

Diameter of boring _....::::8:_" ____ _ 

Woodward-Clyde Consultants F. " 
IQ: --····-
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APPENDIX E 

SAMPLE COLLECTION FIELD SHEETS 
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WOODWARD-CLYDE CONSULTANTS 
5055 Antioch Road 

Overl.,nd Park, Kansas 66203 
(913) 432-4242 

SAMPLE COLLECTION FIELD SHEET - WA TEA SAMPLES 

~~J-.;E:C ... :'-JA~1E: 5H£:LLE.R.- ~foB>£: ;:IIC.1t- 1 TY PROJECT NUMBER: 9/C 73 q3 
s.:. .. ~::: _:: 'j~ '.~3E:?: ALU- ( PERSONNEL: CH{(15 hre:<fER.AL:D 

e.xc lkJA 'h 

SA\1°Lt: SPL.:T (circle one) : YES NO . 

'lvA TER '-E'/E:...: 3&>,0lf 
~~--~----------------------~--~--~~----~--

WA TE~ LE .v'EL MEASUREMENT FROM TOP OF RISER PIPE: LJ. 1 l 0 \ 't '' Lf, f3s 1 

COL:...ECTION: YR: q I MO:M DAY: 31 TIME:Cfl:SO METHOD: E;Atc_fR 

SAMPLE CONTAINER 

3x 4o ,.-.L voA UtA<.$ 

FIELD ANALYSIS 

TE\11PER A TURE. 'C 

I 

-----------------
SAMPLE pH ____ G....,a'-'-'_..~3-~-----
SALINITY, PARTS PER THOU I ,o %o 
CONDUCTIVITY, umhos/cm /lfOO 
pH BUFFER BEFORE ~1..:.' ~O""f-..~4:....• .:-( --­

ANALYSIS REQUESTED 

VOACBzL/o) 

DATE s-31 - q I 
TIME oj:so 
APPEARANCE ~12hfLy <:! (ou;;,y- yeJJlJJJIS# . 
ODOR 5U'}hf (!heMC.AL Ol:::o/Z.. 
pH BUFFER AFTER _7.:...·....;..1~/~tf:..,_._f ___ _ 

COMMENTS ----------------------------------------------------------

~-----------------------------------------------------~--------~ 
;: 
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WOODWARD-CLYDE CONSULTANTS 
5055 Antioch Road 

Overland Park, Kansas 66203 
(913) .-32-42 .. 2 

SAMPLE COLLECTION FIELD SHEET - WA TEA SAMPLES 

::: :;:c._;~c_ ... - ~J AME: 5HE<LeJ2- {;fo8E: ;:::-fiCtt-1 r'( PROJECT NUMBER: 9/C 73:/3 

s.:.·.~::~:: ~ Jl...'.13:::: : A1 (L)- d- PERSONNEL: CH/?15 hrc'fER.If{J) 

Ex:· AVA-f-7 

OTHER : 

SAMPLE CONTAINER PRESERVATIVE UESTED 

3 )l. z../o f1AL- _ \J?A- VIa( $_~f{j~~~~-'q'--tJ...:;:;,C--~ 

FIELD ANALYSIS 

TE\APERA TURE:C /8.0 
SAMPLE pH ________ .....;,llll:;&;7r'· :4:~~======= 
SA:..INITY, PARTS PER THOU 0,(.., 
CONDUCTIVITY, umhos/cm 82.~ 
prl BUFFER BEFORE ?f, 0 /4· ( 

DATE t;=-3 l - t:t I 
TIME to J t.o 

APPEARANCE <!.Le A1' 
~~~-------

ODOR C.JteMICAi_ QDO~ 
pH BUFFER AFTER ?iJ ZQ, 2-

COMMENTS ---------------------------

DEVELOPMENT~Qita 

DATE _s--jo- ~~ CASING DIAMETER 'f 1
' I WATER LEVEL BEFORE . C,, &3 WELL DEPTH (SOUN-DE_D_)_/~,......,......-~-;s----

WATER LEVEL AFTER "PRY TIME STARTED __ .;._/3_.''-f...:..... ~------1 EST. VOLUME REMOVED -~ ~ {{oiJ5 TIME COMPLETED __:...f~~-;___;0::;.,.;,.=! ____ _ 
HNu/OVA, BACKGROUND 0,( ~OrK METHOD 3 1

' 'K 5' P'\K.. ~IL..E~ ·1 HNu/OVA, WELL HEAD ~M· HNu/OVA, BREATHING ZONE &_. 
COMMENTS LtJej{ QA::p '/_5_ l1<.if!_jg4J ~· oeQ {5 (a:JS€ ?fJI.,<~'f <£2) 
trim --f11 E w..e.RR ? 

1~--------------------------------~ 
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WOODWARD-CLYDE CONSULTANTS 
5055 Antioch Road 

Overland Park, Kansas 66203 
(913) 432-4242 

SAMPLE COLLECTION FIELD SHEET - WATER SAMPLES 

::::: :, _,~C~ 'J A.\1E : 3H£:LLeR.- (;fot?E: f=flCtLtT't' PROJECT NUMBER: 91C73q3 

s ..:.· : :::_~ '• :~'.~:3~;; : tYW-3 PERSONNEL: CH/?15 hr~'JEI!.A{J) 

COL:..ECTION : 'iR : q I MO:~ DAY: .3/ 

SAMPL..E CONTAINER PRESERVATIVE ANALYSIS REQUESTED 
I I ,. 

3 ~ L[o m c.- UoA u ,~ l £-s --~L..:...=~z~qL.-o...;;;c _ ____,.. ( "{Q \ 

FIELD ANALYSIS 

TE 'A PERATURE. ·c ---=----'/_&;=-·.....:0;...._ ______ _ 
SAMPLE pH {p. (.52 

SA~INITY. PARTS PER THOU Q, 3 
CONDUCTIVITY, umhos/cm ~a? 
pH BUFFER BEFORE =!-.0 /Lf. ( 

UOA(8Z 1 

DATE S-3/-9/ 
TIME == .... D= '--9==: =Cf()================== 
APPEARANCE none ~ 

ODOR lf'.RY- SU 7h tLy' c/ou :oy ~ 
pH BUFFER AFTER ={.I /~r} 

• 
COMMENTS ----------------------------------------------------

I ; DEVELOPMENT/PURGING 
':2_,. <;) J (I 

DATE S- /U- 1 / CASING DIAMETER 7 I wATER LEVEL BEFORE tt.z? wELL DEPTH (souN-DE_D_)-=_-=._t-:-~fR-_,-t-:,_?=-_-_-_-_-_-_ 
WATER LEVEL AFTER -:J;>f( Y TIME STARTED (5.01 

~----~-----------1 EST. VOLUME REMOVED If, 0 'ftJifoll~ TIME COMPLETED ~/5.....::_3::....3.::::....._ ____ _ 
HNu/OVA, BACKGROUND fib {),(fPM METHOD 31t !<5 1 pvc_ P.ffltLER 
HNu/OVA, WELL HEAD 8!o HNu/OVA, BREATHING ZONE _..::_f!Xe>-=-----1 COMMENTS /...DCI<... IS (lOr 0ReS-E-t1T, WEGL Cttp IS. f7wkl?i-1. • 
No m. ~ ho i e_ ce-v-~& ' 

~~----~~----------------------------~ 
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WOODWARD-CLYDE CONSULTANTS 
5055 Antioch Road 

Overland Park, Kansas 66203 
(913) 432-4242 

SAMPLE COLLECTION FIELD SHEET - WATER SAMPLES 

::~C:·~~C"'" ~JAME: 5Ht:U_J3/2- (;foi?E: ;:::1/CtL-tTY PROJECT NUMBER: 91C73q3 ~ 
s:.•::: _:: '; ;~ '.~:3~?: M w -4 PERSONNEL: CH/(15 Frre:c;eR.~LD 

ElfSTOF 

SURFACEWATER OTHER: -------

SAMPLE CONTAINER PRESERVATIVE ANALYSIS REQUESTED 
r / ' 

3 '7 qo ML \lJA u1a.Cs :;;_ -..L.IHC~zr....;;,_;---lqL..-o~e_::...___ L-t)A (silo) 
) 

FIELD ANALYSIS 

TEMPERATURE.'C zo, 0 DATE ..£~3l- Cf ( 
SAMPLE pH (p, 7 TIME (D :(S" 
SAUNITY, PARTS PER THOU Q 

~~--
CONDUCTIVITY, umhos/cm 3(.t) 
pH BUFFER BEFORE -=f,D/---zr:T 
COMMENTS ------------------------------------------------------------------------

DEVELOPMENT/PUAQING U fl 

DATE 5-30 -'f/ CASING DIAMETER ·r 
----~-=~-----

WATER LEVEL BEFORE _'/:.__· •_._tf~O___ WELL DEPTH (SOUNDED) ~//L...I,:-.!.9-=2-;::....._ __ _ 
WATER LEVEL AFTER J>R )I TIME STARTED ---=--1~...:....;....~·....:.'-f_tJ _______ _ 

EST. VOLUME REMOVED 4? t(PIIonS TIME COMPLETED -Fi£::;..._;:;CJ=-....? ______ --::_ 
HNu/OVA, BACKGROUND 0, ( P{Jn-t METHOD 3'r l'S 1 rpu2 Pn/z:.t-e/2 
HNu/OVA, WELL HEAD fiC::. HNu/OVA, BREATHING ZONE _BIIi:::....l.:.<o~---
COMMENTS hlelf e-A,O_ ....... ;s=-~LdJS-E- 6H-1t1(, 
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WOODWARD-CLYDE CONSULTANTS 
5055 Antioch Road 

Overland Park, Kansas 66203 
(913) -432--4242 

SAMPLE COLLECTION FIELD SHEET - WATER SAMPLES 

=~-:: ... :: ·: "'" : JA\1E: 5HEEU.J3/2- {;foe~: r::fiCrLtiY PROJECT NUMBER: 91C73t-/3 

'3.:. ·. ~ = _:: · • '~ '. ~ ~::= : fot lJ- (p A PERSONNEL: CH/(15 Frrc'{Et!.ll LD 
_::: :::.:. "": ·:: '; :::::su<:=>"'"ICN EttSr t7F E><c u;q i7ff>'1.. ~=fi!Jit.ce 

OTHER : -----
S.:.\!o::> :_E SP~: T ( circle one): YES NO · SPLIT SAMPLE NUMBER: ----------
.... ;. -:-::~ ~~:--;E;.. : ~Zf(, 2§ 

--~~~---------------------------~~-~~ 
NA. E~ : .. E·/EL MEASUREMENT FROM TOP OF RISER PIPE: ,. ID ~ " 
COL:..ECTION : fR: q I MO:__as: OA Y: :3 ( TIME: fQJQ METHOD: 7:3Aic...ER 

SAM P~ CONTAINER PRESERVA ;rvE 

3 X ljQ rtf_ \.J04 t>l KS rfC'L /j/OQ 
~-~~-+z~~--

FIELD ANALYSIS 

TE',1PERA TURE. ·c (CJ. D 
=--'--------

SAMPLE pH ___ "1-.:.....:...:~ (:...._ ______ _ 

SA~lNITY , PARTS PER THOU-::{~,~~-­
CONDUCTIVITY, umhos/cm c;;/3~D 
oH BUFFER BEFORE '=f,( /1.{. Z, 

' 
COMMENTS 

DATE 5'--3l -9/ 
TIME /o ~ ?D 
APPEARANCE C. l.Etlr 
ODOR SLt'fln....;;f;;--c..;_JAQ..--I"o<-te..:_a_( -. _o_l)Q_R __ 

pH BUFFER AFTER =[.( I 'f, I 

I DEVELOPMENT/PURGING 

I DATE 5-70-9/ CASING DIAMETER 0('1 

WATER LEVEL BEFORE .S:S8 WELL DEPTH (SOUND_E_D.=)......:.._fT"''3..-,'?"19,.....,'f=-----

WA TER LEVEL AFTER ~R Y TIME STARTED ---+>/£011!....:=--£.5..=...0 ____ _ I EST. VOLUME REMOVED 5fOc;ttlfonc; TIME COMPLETED _J.a:I5'.~::....=9=S _____ _ 
HNu/OVA, BACKGROUND 0- f ff""' METHOD 7);spo5AQ/e F\.C ~tc..cl?. 

I HNu/OVA, WELL HEAD ~ f?P'vc. HNu/OVA, B~EA THING ZONE __ ,!:::f3to=----
COMMENTS C}uuntC!r(.... r01>0~ u)ht {e h-t!tCc-11} 

I 

I 
~. 

j 
I 

A)~ LD C K . en;- w-e.RJ2 Q A-p ;' 
J~---~---~~------------~---------
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WOODWARD-CLYDE CONSULTANTS 
5055 Antioch Road 

Overland Park, Kansas 66203 
(913) -432-42-42 

SAMPLE COLLECTION FIELD SHEET - WA TEA SAMPLES 

=~c~J::c.,. :'JAME: .5HeLLe/2- ~/of?£: ;::fiC.tt-tT'( PROJECT NUMBER: 9tC73d3 
:::;.:.·/=_::: :;--'.~3:: .=: f.AW -eo f) PERSONNEL: CH8tS Frrcc;eR..qLJ> 

S.:.\!=L~ \IEJIA (circle one)· GROUNDWATE 

s;. \~ ;:ll_E SP!-.: T (eire! e one): YES NO · 

IVA "7"::R :_EvE:..: G3 , (0 

SI'Jft<A11C.e 
SURF ACEWA TER OTHER: -----

WATER LEVEL MEASUREMENT FROM TOP OF RISER PIPE: . 1 ( Q 3 
~~~~~~~~~~ 

COLl-ECTION: YR: '1./ MO: Q5' DAY: Jl TIME:JO:tjo METHOD: ____ _ 

SAMPLE CONTAINER PRESERVATIVE STED 

3 )cC 4o (\t.c t20A v t o.l3--f-:-;-'-lc-:::-~-/+-19::--r:"...-::c:----

FIELD ANALYSIS 

TE'APERA ruRE. ·c / 8,§ 
SAMPLE pH l2-~-tf"":""-------

SAUNITY, PARTS PER THOU ~c/.i.-.5.;:;;.._ __ 
CONDUCTIVITY, umhos/cm ljt!JST) 
pH BUFFER BEFORE ·f./ /4.1 - . 
COMMENTS 

DATE S-3/ - Cj j 
---~---------

TIME ----'--10---'-: _,_t.fo~--------
APPEARANCE ..;;;;C.;;_L~et~c ______ _ 
ODOR /tOfte . 
pH BUFFER AFTER -=1:· ( I <f. ' 

~~,~~---------

I OEVELOPMENT~Gita 
I
. · DATE 5- 7lJ-? I CASING DIAMETER d('' 

WATER LEVEL BEFORE (p, 1-S WELL DEPTH (SOUND_E_D_)~3'-/-=-.-r-S ___ _ 

WATER LEVEL AFTER J)R. Y TIME STARTED -..!.(..::::s-,~,..::::'S:.~"S:":.;.__..,..-------1 EST. VOLUME REMOVED (/ $4-1(cm5 TIME COMPLETED _{_G,_,_· 2~{--=-----
HNu/OVA, BACKGROUND {), { f'Rfl.t METHOD --:/?tSRDSA.ble f';nq.1L€,e_ 

I 
HNu/OVA, WELL HEAD {j_h HNu/OVA, BR~ATHING ZONE 

COMMENTS 5fkt1 h f C/w;;;;c cJ t'fu?)J?. Wh l {e_ f?rtc L-1 'tr'-----
1L-___ AJ __ v __ Wx ___ L ___ 0K _____ uu~e_f_( __ C~=4P~~~~--------------------~~ 



1,~------------------------------~ 
I 

I 
I 
-I 
fl 

:1 

~ 

I 
I 

I 

I 
• I 

; 

I 
I 
I 

I 
I 

I 
I 

WOODWARD-CLYDE CONSULTANTS 
5055 Antioch Road 

Overland Park. Kansas 66203 
(913) 432-4242 

SAMPLE COLLECTION FIELD SHEET -WATER SAMPLES 

:::~ s~ :: : - .'J ~ ~.1E : 5H£:L.LER.- {;/of?e ;:fiCtctTY PROJECT NUMBER: 91C7.3J3 , 

s .:· .~ ::: _ :: ."(~ '. ~ ::! ~ ;:; : .MW-'1 PERSONNEL: Ctl/?15 hrc<fEI!.~{_j) t' 
8£ It? n D H-.4~ WA5r€ t9t.lc L:bt 

S ..:. M.:l._:: \ IE:; I A (c irc le one) : GROUNOWA TER SURF ACEWA TER OTHER: 
----- I 

SA \~;:> ~ t: SP~: T ( c irc le one) : YES NO I 
NA TER ·_E 1/EL.. : &z 4, 9 cJ. 1 

WA. TER t..:>IEL MEASUREMENT FROM TOP OF RISER PIPE: '"I I 11 1'1#08 ,' 
COL:...ECTION: ''(R : :Jj_ MO:~ DAY: 3/ . TIME: Q'f:(D METHOD: 1379t<..ER 

SAMPLE CONTAINER PRESERVATIVE 

FIELD ANALYSIS 

TE\11 PERATURE. 'C _.J-j~(p"'""·!~O:;;.-----
SAMPLE pH ----~ ...... DILL,_.'l ____ _ 

DEVELOPMENT~Qita . 

DATE ~-?o-9! 
WATER LEVEL BEFORE {lfc Z-'1-
WATER LEVEL AFTER J)/<. '( 
EST. VOLUME REMOVED ;I CjA-/{ollS · 

HNu/OVA, BACKGROUND 0, l f'!~ 
HNu/OVA, WELL HEAD Bfo 
COMMENTS 

I 

DATE 5- 3 I - 9 I 
TIME () 1: t.o 

APPEARANCE ShCjh fLy CLouby 
oDoR none . 

,I 

_-ryf' 
CASING DIAMETER ---=c;..L~=--=---
WELL DEPTH (SOUNDED) 33, 6"8 
TIME STARTED ( <f: If-

-~~~------
TIME COMPLETED --=(:.....ltf~.....:'·:.....ltfw't..___ ____ _ 

METHOD 1)1SQOSA'6LE f;-A IL t2.. 
HNu/OVA, BReATHING ZONE ___a::f&;..=..,. __ _ 

~~--------------------~~~~~!· ----~ 
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WOODWARD-CLYDE CONSULTANTS 
5055 Antioch Road 

Overland Park, Kansas 66203 
(913) 432-4242 

SAMPLE COLLECTION FIELD SHEET - WATER SAMPLES 

- PROJECT NAME: :5HeLLE3.R- {jfol?t: r::AC!tL-1 T'( PROJECT NUMBER: 9 /C 7..3 d3 
SAMPLE NUMBER: )Jt uJ - { Q . PERSONNEL: CH/?15 h '~<JeR..~{J) 

LOCATION DESCRIPTION 
--~~~~~~-----------------------------

SAMPLE MEDIA (circle one): SURFACEWATER OTHER: ---------
SAMPLE SPLIT (circle one): YES NO : SPLIT SAMPLE NUMBER: ------------
WATER LEVEL: z_ '3, 3 
WATER LEVEL MEASUREMENT FROM TOP OF RISER PIPE: r !/~" h foe 0. ZS" 
COLLECTION: YR:.3i_ MO: ·~ DAY: .. 3/ TIME: r't0 METHOD: ~ILE/?. 

SAMPLE CONTAINER PRESERVATIVE ANALYSIS REQUESTED 

VOA (S'2.~o) J X YO ML \JtAL 

FIELD ANALYSIS 

22' roc. TEMPERA TURE,"C ~ 
~--------------

sAMPLE pH ----"'~fn~·=--:t-.:....__ ______ _ 

SALINITY, PARTS PER THOU O,'::fS" 
CONDUCTIVITY, umhos/cm /5"CC 
pH BUFFER BEFORE =f. Z-/ ~. 2 
COMMENTS 

DEVELOPMENT~~ 

DATE 5-Jo -9 1 
WATER LEVEL BEFORE ~<~~' 
WATER LEVEL AFTER JJ/<. Y 
EST. VOLUME REMOVED 2-~ 1,q.f(ot15 

HNu/OVA, BACKGROUND ___..JJ.~, -=-'-----­
HNu/OVA, WELL HEAD t3h _....::.....:::::.__ __ _ 
COMMENTS 

{ 

J 

DATE ,? - "31 - C) I 
TIME 0 7- ;Lfo 

APPEARANCE ....::C::.~o../.::...ea....:....,_r ____________ _ 

ODOR 11-one 
pH BUFFER AFTER 7. / /¥. f 

~~.~~-----

CASING DIAMETER if' 
-~--=-~---

WELL DEPTH (SOUNDED) Cl9, fe 7 
TIME STARTED _ __,(..;;;..o_:_l.f.;_'/.;__ ____ _ 
TIME COMPLETED --l...lo.( f~--.L._{ =8 _____ _ 
METHOD 3 I( ;< 5 1 'PVC i?J4 lc.fe 
HNu/OVA, BREATHING ZONE .......:..::...8--"(p=:.------

~~------------------~~ 
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WOODWARD-CLYDE CONSULTANTS 
5055 Antioch Road 

Overland Park, Kansas 66203 
(913) 432-4242 

SAMPLE COLLECTION FIELD SHEET - WATER SAMPLES 

::~o -: ~C ... ~JA~1E: SHELLeR.- {;Lot?~- ;:::1/CtL I rr PROJECT NUMBER: 9/C 73:/3 

s.:.·.:::·_:: :, ,~ '.13~;;: !1 W -II PERSONNEL: CH8t5 h 'c<fEtud.J) 

_:-:.:. "'":C'; J~SCRr=>-:-ICN pf}R.tl.-L-~1 
S.:.M~~E YE~IA (circle on_e_)~: ~~~ij~o~U~N~=W~AET~~-S-U-R-FA_C_E_W_A_T-ER~-O-T-H-ER-:~~~~~-

S;_\~0~E SP~:T (circle one): YES CEQ) SPLIT SAMPLE NUMBER:-~~~~~~-
. -z_ .VA -:-ER :..EifEL.: • 

-~~==~~~~~~~~~~~~~~-...-~7-~~--

'Nt:.. TER LEVEL MEASUREMENT FROM TOP OF RISER PIPE: L/ I t.plfa. 11 

---~~--~~~+---

COL:...ECTION: YR:!lf._ MO: 0~ DAY: 3( TIME: 1-:~ METHOD:____.~~...c::o..--

SAMPLE CONTAINER PRESERVATIVE ANALYSIS REQUESTED 
I 

3 x Lfo t-iL \JDA ", AL. __ --~Ho....:...c=c=+-7-q-'-o--=e.=--....,... 
l 

VoA(Bz'lo) 

FIELD ANALYSIS 

TEMPERATURE:C 20,0 
~~~~~~~~ 

SAMPLE pH ~~~....:....' ..J...9 __________ _ 

SALINITY, PARTS PER THOU (},z._ 
CONDUCTIVITY. umhos/cm //50 
pH BUFFER BEFORE 1, z./ 1./-. 3 
COMMENTS 

DEVELOPMENT~Qita 

DATE 5 -'j{J-9 ( 
WATER LEVEL BEFORE 'f' =fu : ( 'f.sB) 
WATER LEVEL AFTER ___.76~f:_Y..;.__ ____ _ 
EST. VOLUME REMOVED fB CjA /{ot15 

HNu/OVA, BACKGROUND _......,Q<....:.,_(~~­
HNu/OVA, WELL HEAD _---=::8..::::(;;,=---------

DATE £...: 3/- 9 J 
TIME J-:S ~ 
APPEARANCE ...=C.:.!.(..:e.!....!A~r ______________ _ 

ODOR none.. 
pH BUFFER AFTER ___.::7...:.:' 2.:::;/~-..~.'/.:....:..' ..::3 ______ _ 

tl 
CASING DIAMETER eX 

~~--~~------
WELL DEPTH (SOUNDED) --=3:.....¥.~....:.~...::3....:..1 ____ _ 

TIME STARTED _ ___:_/_O_~_o_S __ ~~-~­
TIME COMPLETED _(:...:./_;.!....../ g=------:=-----
METHOD 'I>tS~A eL-f. f?n::>tt-cR. 
HNu/OVA, BREATHING ZONE ....sf3b~:..___-~-

COMMENTS ----------~~~~~~----~--~--------~~~------

~~~ --------------------------------~ 
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WOODWARD-CLYDE CONSULTANTS 
5055 Antioch Road 

Overland Park, Kansas 66203 
(913) 432-4242 

SAMPLE COLLECTION FIELD SHEET - WATER SAMPLES 

:: :;: c _, ~ C "" >J A\ 1E : .5He<LER.- {;fo8e r:IICtl.-1 IY PROJECT NUMBER: 9/C 73:/3 

s.: ·:::: ·_:: ~·'- ·.~~::;:; : JVp-<.)- I 2_ PERSONNEL: Ctt/?15 h 'c7ER.If L:D 
- ;-: .: -: ,:; '; Jt: SCRI ::P'ICN UP t:;RJfPIEfl I 

~~==~----~~~~---~~~~~--------------
:;..:, ' .~ .::; '- :: 'v1E: I A ( c :rc le one) : GROUNDWATER SURF ACEWA TER OTH 

S :.'.~.:>:_E SP~_:; (c irc le one) : YES NO . SPLIT SAMPLE NUMBER: 
.v;. :-~~ :..E '/ E:._ : . ,. '3V ----------------------
NA. TE~ : .. Ev'EL MEASUREMENT ~ROM TOP OF RISER PIPE: ' I I lf " 

COL:..ECTION : rR: ~ MO:~ DAY: J( TIME: 08=-._._,2JJ_...ME......J.T'-'H:...._OD-: --::'"&:--. -~,..~......L..:.....~fL.lo/<..L.,L---

SAMPLE CONTAINER 

FIELD ANALYSIS 

-:-E'APERA TURE. 'C 20. 0 
~~------------------

5 AMPLE pH _ ___.,(0='-CJL----------
SA~;NITY. PARTS PER THOU {),S 
CONDUCTIVITY. umhos/cm /4cp 
pH BUFFER BEFORE T• z./ tl z_ 

• 

Oc_ UOA 

DATE S-31- 9! 
TIME 08~GQ 

APPEARANCE _C.::......:.f.lo..e~A~R..~-----------------­
ODOR f'Pilf 

pH BUFFER AFTER _7 ........ ;,:,:z¥j_f.J...:,.,3=:::;;, ____ _ 

COMMENTS ---------------------------

DEVELOPMENT~Qita 

DATE S-3o --<ff CASING DIAMETER CJ 11 

WATER LEVEL BEFORE -::;, W ~~ELL DEPTH ( SOUND_E_D=)----5-<f....,....,...,....=t--Lf---r---------

WATER LEVEL AFTER 'J:A~Zy' TIME STARTED ((o ', "3 \f-
EST. VOLUME REMOVED 8fe....1N-f{of15 TIME COMPLETED _...!.,.t....L.-:..=f:~.1111/fJIJL--=-----
HNu/OVA, BACKGROUND 0 1 { f!PrYL METHOD J)6J)O.s dC:Lf. P,;}q (LfR.. 

HNu/OVA, WELL HEAD {?b HNu/OVA, BRdTHING ZONE _ ...... &,~-------
COMMENTS 
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APPENDIX F 

SLUG TEST DATA SHEETS AND CALCULATIONS 



I 
I 
1 
:I 
ra. t 

:,. 
I 
I 

I 
.I 
~I 

I 
.I 
I 
!I 
I 

~LUU ~~~~ UAIA ~HEET 

DATE: ·_s-13r / 9 I PERSONNEL: C.HR's hr-c._cJEf:_4 b 
WEATHER: dv 11 oy ? Q ° F 7(; 5 rYIJ TH 

NELL DESIGNATION: ,A·Iu.J - I PROJECT NO. 9/C 73 'f3 
~-1EAusuREMENT REFERENcE POINT = TOP OF r) '' pvc CAS'nl ( ~e7({ S r"i:>c ) 

~.1 C:;. S0 RED WELL IN SIDE DIAMETER = ~~=-"____.!.,f>--='-~1C:::::....._ ________ .:...__ __ _ 

:' : :~::.~ ::JEP~i-1 -:-o WATER= f'f . t;2. FEET 

~~: .:, ·_ JE~ -r; OF NE~~ ( 3ELOW 'AEASUREMENT REFERENCE POINT) = _"J 3 .. §8 

SLUG: __ L.-\RGE ( I \J. DIA.) NO. OF SECTIONS = 

_X SMALL ( f!;' IN . 
LENGTH = 

DIA.) NO. OF SECTIONS = I 
LENGTH = <6' 3/a" 

WELL INFORMATION: 

ELEVATION TOP OF CASING __ &~Jn . ....,.CJ:-,_0_2 ___________ _ 
DIAMETER OF DRILLED BOREHOLE _9....:...._;_, --------------
LENGTH OF SCREEN /0 Mt' . 
QISTANCE FROM TOP OF . CASING TO TOP OF SCREEN .....:2=--.:..t.;_. 4--7-2.7--:-----­
DISTANCE FROM TOP OF CASING TO BOTTOM OF SCREEN -=3~9.~·~lf2=-r------
DISTANCE FROM WATER LEVEL TO BOTTOM OF SCREEN /~ 96Fcr 

SATURATED THICKNESS OF AQUIFER-----------------

FEET 

~EET 

DEPTH OF TRANSDUCER (FROM REFERENCE POINT) = 2 8 . 0 FEET 

TRANSDUCER SERIAL NUMBER ,...---!7-.....::(c.~----------------­
DEPTH OF TOP OF SLUG = I (C,Q FEET ( = ROPE LENGTH) (COMPARE TO INITIAL DEPTH TO WATER) 

DEPTH OF BOTTOM OF SLUG = 2Lf 1 3/f(~ FEET (COMPARE TO TRANSDUCER) 

HERMIT TEST NUMBER = {_J, I (0 TO 9) 0 ::- fALL I ;17 f!F,q.?J 

__:_r<_ SET TEST NUMBER I .; kiSirJ7 1/EAD 
_.:_X_ SET REFERENCE DEPTH ( = INITIAL DEPTH · TO WATER) 

· )( PRE-RUN CHECKOUT VALUE (PRESS XD) = ---------

SLUG INSERTION: 
TIME OF DAY OF START OF TEST = ----i-/ ___ 3 ___ ._. 3.,_8~----------
TIME OF DAY OF END OF TEST = _ __.!_/ "::J:::....· ....:.:-l:;}::...:S"::::...._ __ --:--------

DEPTH TO WATER AT END OF TEST (MEASURED) = Jl-f. OZ. FEET 

SLUG REMOVAL: J 
DEPTH TO WATER AT START OF TEST = _.:._/___::0:......:2_=----------- FEET 
TIME OF DAY AT START OF TEST = f(p,QL FEET 

TIME OF DAY AT END OF TEST = I'T · 4-2- FEET 

PRINTER DUMP OF TEST RESULTS STEP #0 

X FIELD REVIEW OF TEST RESULTS 

__ STEP #1 

I COMMENTS: 

I 



I 

- ::-.:.-- -::- • t:" .. 
;< . - ----- ._- ...... ... ...) :. , ' ' -. ~ ' ' 

• t. ....) ;. ..... . ) ~0. CF SEC'":ONS = ----------

-------------- =EE' 
NO. OF SEC:IONS = I ~------------------
LENGiH = =~-'..:...0 ____________ =~~: 

~I NELL INFORMATION: 

I 
I 

~-~ / A. '"::J~J .,..':° CF CASI0JG 
::J~t-·.1E~EK JF JRL.~ED BOREHOLE _9.L-....;t~f!C..;;...::..;-H:...:..=E~5 ___________ _ 

:..~~; G ~H ')F SCREEN _wiC'--J_6~e-..loE-'I~----------::~--::;----:-----­
J:STA';CE =~eM .,..CP CF C~SING TO TOP OF SCREEN /9. !'1 t;_Ef-1 
J:S7' ;.NCE r~OM TOP OF CASING TO BOTTOM OF SCREEN o< 9, f 9 0€r r 
J~STANCE FROM WATER LEVEL TO BOTTOM OF SCREEN 28. G>s- t)Fe r 

1 sA ru R A rEJ ... HIcK NEss oF A au I FER ____..;L-==---7=-..:E=---· .....:u:=;..·_s---f-6.....J....:::.E-==-t=:.._. T;:_ _________ _ 

~,..., ~ ZOtC 
DEPTH OF TRANSDUCER (FROM REFERENCE POINT) = ~ FEET 

I; . T~ AN SOLi CER SERIAL ~~UMBER _.....d:::l..!..:/ 5~/ ______________________________ _ 
JEDTH OF TCP OF SLUG = 'f. 0 FEET ( = ROPE LENGTH) (COMPARE TO INITIAL DEPTH TO WATER) :_

1 
:)EP .,..1-1 OF 30i:OM OF =SLUG ='? CJ. 0 FEET (COMPARE TO TRANSDUCER) 

--'E;::>~.1f.,. TEST i'~v MBER 0"- (0 TO 9) · 

I 
!I 

,.<.. __ SET .,.EST ~UMBER 

__ ;<_ SET REFERENCE DEPTH (= INITIAL DEPTH TO WATER) 

. .X PRE-RUN CHECKOUT VALUE (PRESS XD) = ----------

SLUG INSERTION: ~ ~ /1 
liME OF DAY OF START OF TEST= "?££ lOIY1met17S /3eLo0 :1 .,..IME OF DAY OF END OF TEST=------------------
JEPTH TO WATER AT END OF TEST (MEASURED) = FEET 

I SLUG REMOVAL: . I / \ 
DEPTH TO WATER AT START OF TEST = 0,5"'1 UEF = 0-5'-1) FEET 

I TIME OF DAY AT START OF TEST = __J_f.l.:::6...!..:; C:::....· ..L'f ____________ FEET 

· TIME OF DAY AT END OF TEST = zz.;oo FEET 

I 
PRINTER DUMP OF TEST RESULTS 

FIELD REVIEW OF TEST RESULTS 

:;r:.. STEP #0 
___ STEP #1 

l COMMENTS: !He ~~..'/J ke /et.J.e/ 11'1 'flu i,<..>-e.e.(! f..v'/!"5 O.st/ ~€fr .[?foe. ~~tol£?. Jo ~/vj' 
lt"'S i/!7), !3E:clf-u5E "filE (..u,f)f€~ 1-ev-ef_ t.J~ :So J1_19h

1 
'-1"/t.J;.. lrTS-t=tehiTY'l ~ Hlt£= 

·at)/ ?r./R1117 'The ;;.tt~n7 ht=Al> lesr {,;;;eeL:D h~ ~,.,.1/SE:z> <-the t..uAH=te. t-o ~~~ 
" L· I C.t= 'f-hc rof? oj:: <f-ht=- t 1;-t?.J2f. ,~t;R. TJNS /?I!A <.t7Y1 rrnLv 77-rtF- Rt(ul<' h£.4/) lf:sr_c .,"-"b-·· 
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l;a /1 r L{ 9 PROJECT _..., ', ~ / I r PROJECT a ? 'i ? ~ BY ..___~r- DATE (p- - I NAME -r ·ELLEK- 9 oeE 1-A(" ILIT)' NUMBER J IC7-"1-

CHKD. Bvf6--f' DATE~-U.'fl SUBJECT :::Lvj Te-:- Co/ Cu ( 0 -fton5 SHEET NO __ J_oF_3__ 

1\ . , 1 _ ·": 
. / : 

/ .. ' (' 

I 

(·-- ; .1 1_ r_ 1 , ; n 
\ ' 

_k-: 8 I 0:? I T 
0 

r = 0, ft,Z5 1 ~cl'l e: = o.o 52 .....,, 
L 

t/= 7TrZ. e 
lf= TT ( o. 0£2 z.) (B. o3 ) 

V= ().O(pB FT3 

1 r1 A tA.J-e /I WlrH 

a. oroB F="T 3 = TT ( Xz.. F-r) z. ~ 

B FT 3 

TT 

.In, nl'lt_ 

r -+ 2"(.l~)=Zrc 

~ 
ls··r o.t.a) = z,w 1'1.7 ( 

I 
~ 

/ ( 

i I 

I ; ~ 
t ( 

(} ~ 
~ ' ~ 

' 3J.7b' : Lw 

WOODWARD-CLYDE CONSULTANTS 



I 
I 
I 
I 
I 
I 
I 

= BY (!_Jf DATEft:-t./-71 P~'i~~T =-he (/er- 'ioc.E 

CHKD. BY RGr P DATE t6. zPjl SUBJECT :;Lu '7 1(;.~-r ('o i C uL a h o f"l ':: 

PROJECT 9//') 7? I I? 
NUMBER <......:.. _; i-f-

2. 7-SHEET NO. __ QF __ 

HY!//.;'tlULIC fOf17)rXJ7/}i T'( - r;, "2. (, ( Re / rw) I 
--'---- t 

r 
I 

-= i /. I 

clLe 

I--
/ j 11 ( Lw/r; ) 
l w 

+ 

J 
-/ 

L~lrw 

I FatE. 1--ILJ-1: (F"AU-':fl/ 1EA]) ~:r) 

I 
I 
I 
I 
a 
I 
I 
I 
I 
I 
I 

fc ;:. I ' f'C f'J ~ C, C8] c-r-

rw 7: "ftr7ches ;, 3: Fr 

I -= IO.C Fr I.-e 

Lw -:: /9. O(p F-r 

~ = 3o.3
1 

+/JeRE.Fo~€. !=ROM !He ~RAfl-(1 {!"' 2,0 
{f149E- 3~s-, voL... 27, Ni?. 3, qt<~vll""D w/J. fER - !(JA/- ]Ur1e 0.33 

~ ( ee I rw) = r~· ;, .. o./, \J 
/0 .. ..3 

f, (re/r.,) {a. 331 ] -} 

£r1 ( f.-e /rw) = 3, 02-
WOODWARD-CLYDE CONSULTANTS 



I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·I 
I 
I 
I 
I 
I 

l6:iiJJ. ·"'' - r {p , I o , 
,.. BY :_.; r DATE- '1- 1 1 PROJECT c; I c ~?J 7 

NUMBER I f- 7 .--, 

CHKD. BY iliP DATE t?6.UJ.41 SHEET NO.~ OF _1__ 

K == (C. og32_ )0.oz..) 
' 2(ro) 

( 

t_ 

0 + 

,I<' -: 

C..71 

T -
'-

(o.cotot/J 

t<: -=- ( o. co 1 c t../ ) Y3ooo ~ f1 2.. =n 
o.'+?-

k=(o.oo;o~) {3.3110-~)( ~n ~-,?-&>) 

k ~ ( 0 · 00 I 0 tf) ( ;.3 X I 0 -<+) (I, 7 5) 

~ = ( 0 . CO f o t) )/;?.to _f t1 2, 7 I 

'(. \I 0.13 
K= ( o.oo/o'i) o, CC'.J/4; (/it zo.B) 

Jc-:= 'I 'I Y 10 -+ pr /5Ec. :: f, 31 x 1 o -s C.M./ ~Ec.. 

k = (2. 'it.f f( tO -s) -r (! 8..~.!. ·o -s) t- (;. 3'-i x 10 -s-) 
r ? 

.J 

WOODWARD-CLYDE CONSULTANTS . 



PROJECT 9tC 'J? J 3 
NUMBER '-' 

I 
~ f1JF 1 - r Q 1 PROJECT (I _ Aj 

I 7' SHEET NO._OF __ 

~ BY L DATE lo ...J- t NAME vHEUER C.::, 0 Puf 

I cHKD. BY@£ DATE t6. Zo.11 suBJEcT j/ Uj ~ST { o !( u L o -hon 5 

J 
.I 

~I 

:I 
II 
I 
I 
I 
:a 
:t 
'I 
.I 

I 
I 
I 
I 
I 

(. :: 
Q 

;-f' 

y~ -

f-. i -/1 • 
fer.:;; 

C. 0 8~ F-r 

/-j' ._. ,p r = . I · . I '. - 0 ::;? 
'-' -' Fi 

- /0.0 ~FfT 

2. 85 

£~ ( k' e /r,) = [ 

ffl { ee/rw) = 

I . f -t.loB 

. 2. ,Cj '1-

I -
6 

k' ~· (o. 083' )(z. 9?) 1 

20 c 

k-:- { o,oo,oz_ ) I 
t 

-r . 

~Yl Yo -Yt. 
.Xy1 Yo 

yt, 

1(1 yc 
~y;: 

ac- t :::: ( Z ,0 SEC 0 n DC: 
1 X: = z. f0 

k=- (o.ootoz.) J_ /VI 2.ss 
I Z. 2:fO 

K = ( 0 I 001 0 ~) ( D I 0 B 3 ) { 0 I 0 s" I ) 

k: = 1/. SB X I 0 -& Fr /sEC = I~ 1 f 10 -t/ /.!oi;'Fe.cLvoE coNsuLTANTs 



I e ave' -SF DATEb-5- 71 P~~~fT ::_HELC ER - G fo SE ~~~J~{~ 91 C7 ~ tj' 3 

I CHKD. BY R~P DATE 0&.~.11 SUBJECT ~/09 -y;;:_; {a I C·JLa ho',u SHEET No . .....i:_oF_l-_ 

l 
I 
I 
ll 
rt 
rt 

! , 

:I 
,I 
·; t 
:I 

:I 

I 
tl 

I 
I 
I 

(;, {c '/ 1 :J --=1- Fr(:£c '= 2 , 0 X ( {) - 5" C /'.-\.1-s.F C 

t·· !{, ~ 0.15' 

k " (().' co toz.-_; ( '/5?-Po )( _Rn 2.85 ) 
0 .,5 

k:-= (o. CJotoz.. )(t. +- Y;o-'f-)( z.71) 

k ~ C. (riO-~ Fr/~Fc. ~ 1r5s- ~/o-s- C'r··/~c..... 

k:. = (;, ;.; 'f IQ -'+ )~z,o YIO -s )'-+(/,55 l<IO -5 ) 
-?- ' 
_,) 

I - 8 ,/ /0·- 5 I I( -:: .:;; , 5" A ('M<?EC... 

I 
lj ::: IT r-z. ~ 

v~ 7T fo.lz_sz.){s) 

V::: o .zAs r=..,- 3 

~,-,/tl1'- 1--rspL.~r:eri-tQ;Y'v+ yt.\. A tc..ui. (,IJITH 2." /?,.A7:>1v> 

0·2.'15" r:r 3 = 71 ( '7i,z.)z h_ 

0.__:: O.Z!.fS 

r(.oz?i} 
h -:= ~. g IE£ -r oF +nEJ/:?shc tJ. L In I D/IC 1/t':,j)L PCf"l"' j ; -

0 WOODWARD-CLYDE CONSULTANTS 



I 
I 
:a 

fit BY (,IF DATE !o -(p-9( p~<i-:ifTSHEU,ER.- aloe€ ~~9i~{J '9/C 73;3 

CHKD. BY R?.-? DATE t'b. 2b.tfl suBJECT Sl uc; 1P::r C Ac c u La I-, on S SHEET NO.__{£_ oF _L_ 

!I 
ra 
r . 

ll 
ll 
r: -

1 

o.5B' 

2.9. /3: [__ 
w 

II _1_ 

I FoR. 1'1 uJ- IJ : /7Z•o'"9 /jEll]) ~sr) 
I = 

4 .:; / Jc he = 0 . 3":? 5' F7" 

Le :::. 10.0 F-r 

I :: 2.1, 13 Fr 
{.,....(/) 

~ 4:::·JM £ '-fh/17' Iff€ 

Le. !o.o -

[ 
/. ( 

J r7 (2- 9.1'3 ) 
0.375 

I 
~911(o.?5}=2r,., 

'+"( o. 33') = g " 

;, c; J -/ -/o.o 

7i:i:ts 

WOODWARD-CLYDE CONSULTANTS 



I 
:a 
I 

·I 
I 
!I 
:a 
~I 

l 
:1 
I 
I 
I 
I 
I 

.r _,-
(, ..._ -:: 

(+ u 

Ot: 

( o.t~~(3.oC?) I /~ y. 
2(;.-)) -t.. /t 

<',/ =- ~. 07-9 I £~ y'o ...._ 

1o 6 -.:-- yb 
v :: (o. oc ~) I .//1 y~ , ·...._ 

6 

/ 

I \ 

K= ( o. oa1) ( J~ 2,=tJ 
5o z .(pf 

~~ -~ ( o, co I) ( o, o z_) ( o, o 3 -=r z) 

t -= )coo SEC'ofl])':- , 

k ·== (o,ootJ) ' ~n z .t-el 
3'!XO I . Lf 7 

k:-=- (o.oo<f) ( o. cto~3) { ~, tpz.3) 
K= 8.22.. 7< 10 -:r Fr/':.EC = z,s- XIO- s-(!t'A/ ")EC. 

0 f- t -:. I 3 z..co SE (l~ l D 5 v :.: 0 I 5 I 
I I .f: 

~ ~ ( o. oo {) ( .L ) ( .L n Z. =t- t/ ) 
13, ~ , (),S/ 

k::. ( o.ootf)( o. aooo?s-~)( l.f.R g ) 
K <: s-.1 ~<' 10- 7f Fr 1 :;Ec :: ;, s-c :x 1 0 -s cM(-:.£c. 

HrJ E.R.A9 E /c. = (q, I y IQ - 5 ) +(i.5 X 10 -s) r (iss .X /0 -s) 
3 -: = .. ,, 

A uER A9 e 1::. = <;, 3 8 y 1 o -s c,A/1./ ~ec wooDWARD-CLYDE coNSULTANTs 



I 
I 
I 
I 
I 
I 
II 

.I 

-1 
I 
I 
I 
I 
I 

PROGRAM SLUGT, VERSION ?,FEB. 1988 

THIS PROGRAM CALCULATES MEAN TRANSMISSIVITIES FROM SLUG-TEST DATA BASED ON T~ ANALYTICAL APPROACHES: 

(1) METHOD OF COOPER, BREDEHOEFT AND PAPADOPULOS, 1967 (ARTICLE IN VOL.3,N0.1 OF WRR 
ENTITLED RESPONSE OF A FINITE DIAMETER WELL TO AN INSTANTANEOUS CHARGE OF WATER) 

(2) METHOD OF BOUWER AND RICE, 1976 (ARTICLE IN VOL. 12, N0.3 OF WRR ENTITLED A SLUG TEST 
FOR DETERMINING HYDRAULIC CONDUCTIVITY OF UNCONFINED AQUIFERS WITH COMPLETELY OR 
PARTIALLY PENETRATING WELLS) 

PROJECT NO.: 91C7343 CLIENT: UTC 

SITE LOCATION: KEOKUK FACILITY DATE OF SLUG TEST: 5-31-91 

FIELD INVESTIGATOR: CHRIS FITZGERALD 

WELL NO.: MW-9 (FALLING HEAD TEST) 

INPUT DATA ARE: 

INNER CASING DIAMETER = 2.00 INCHES 
LENGTH OF SCREEN OR INTAKE PORTION = 10.00 FEET 
INNER SCREEN OR OPEN-HOLE DIAMETER = 2.00 INCHES 
DEPTH FROM STATIC LEVEL TO BOTTOM OF SCREEN = 19.06 FEET 
DIAMETER OF DRILLED HOLE = 8.00 INCHES 
THICKNESS OF SATURATED AQUIFER ZONE = 19.06 FEET 
ESTIMATED POROSITY OF GRAVEL PACK = 0.15 
FALLING-HEAD INDEX = 1 ("1" IF FALLING,"0" IF RISING) 

NUMBER OF HEAD-TIME DATA POINTS = 92 

TIME 
(SECONDS) 

10.00 
12.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85.00 
90 . 00 
95.00 

100.00 
105.00 
110.00 
115.00 
120.00 
150.00 
180.00 
210.00 
240.00 
270.00 

HEAD 
(FEET) 

2.710 
2.670 
2.670 
2.670 
2.670 
2.670 
2.660 
2.660 
2.660 
2.650 
2.640 
2.630 
2.610 
2.610 
2.600 
2.590 
2.570 
2.580 
2.560 
2.550 
2.540 
2.530 
2.520 
2.510 
2.510 
2.490 
2.480 
2.470 
2.460 
2.400 
2.340 
2.300 
2.250 
2.200 



I 
I 
- -, TIME HEAD :a (SECONDS) (FEET) 

300.00 2.160 
330.00 2.120 

I 360.00 2.080 
390.00 2.060 
420.00 2.010 
450.00 1.980 

I 480.00 1.940 
510.00 1.900 
540.00 1.860 
570.00 1.830 

I 
600.00 1.800 
720.00 1.660 
840.00 1.550 
960.00 1.440 

1080.00 1.330 

I 1200.00 1.250 
1320.00 1.170 
1440.00 1.080 
1560.00 1.020 

I 
1680.00 0.950 
1800.00 0.880 
1920.00 0.830 
2040.00 o.no 
2160.00 0.730 

I 2280.00 0.680 
2400.00 0.640 
2520.00 0.600 
2640.00 0.560 

I 
2760.00 0.540 
2880.00 0.500 
3000.00 0.470 
3120.00 0.460 
3240.00 0.430 

.I 3360.00 0.400 
3480.00 0.370 
3600.00 0.360 
3720.00 0.350 
3840.00 0.330 

.I 3960.00 0.310 
4080.00 0.280 
4200.00 0.280 
4320.00 0.270 

I 
4440.00 0.250 
4560.00 0.240 
4680.00 0.240 
4800.00 0.220 

I 
4920.00 0.210 
5040.00 0.210 
5160.00 0.190 
5280.00 0.190 
5400.00 0.190 

I 5520.00 0.170 
5640.00 0.160 
5760.00 0.150 
5880.00 0.150 

I 
6000.00 0.150 
6600.00 0.140 
7200.00 0.130 

I 
I 
I 
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HO CALCULATED BASED ON FIRST 13 DATA POINTS 

COMPUTED VALUE FOR HO (FEET) 2.7111 

.I METHOD OF COOPER, BREDEHOEFT AND PAPADOPULOS 

COMPUTED RESULTS: 
r~ 

ll COMPUTED VALUE OF HO = 2. 71 FEET 

NOTE: TRANSMISSIVITY UNITS ARE IN FT**2/SECOND AND PERMEABILITY UNITS ARE IN FT/SECOND ,, ALPHA STORATIVITY MEAN MEAN MINIMUM MAXIMUM RATIO OF ROOT MEAN DIFFERENCE 
TRANSMIS- PERMEA- TRANS. TRANS. "T" RANGE TO SQUARE OF IN RMS 

SIVITY Bl L ITY TBAR TIME 

-1.000E-01 

DEVIATIONS 

1.000E-01 2.966E-06 2.966E-07 1. 193E-08 7.227E-06 2.432339 3003.12 0.00 

~, 
1.000E-02 

I 1.000E-03 

1.000E-02 5.232E-06 5.232E-07 3.431E-08 9.158E-06 1. 743783 1593.74 1409.38 

1.000E-03 8.092E-06 8.092E-07 8.814E-08 1.106E-05 1.355507 754.08 839.66 

1.000E-04 1.000E-04 1.101E-05 1.101E-06 1.864E-07 1.281E-05 1.146171 332.08 422.00 
[ ' tl 1.000E-05 

1.000E-06 

1.000E-05 1.372E-05 1.372E-06 3. 171E-07 1. 750E-05 1.252603 452.19 -120.11 

1.000E-06 1.636E-05 1.636E-06 4.675E-07 2.315E-05 1.386760 568.28 -116.09 

r. . 1.000E-07 :I 1.000E-08 

1.000E-07 1.914E-05 1.914E-06 6.270E-07 2.868E-05 1.465980 558.85 9.43 

1.000E-08 2.205E-05 2.205E-06 7.802E-07 3.412E-05 -1.511879 501.03 57.82 

· 1.000E-09 

>11.000E-10 

1.000E-09 2.504E-05 2.504E-06 9.643E-07 3.950E-05 1.538990 459.11 41.92 

1.000E-10 2.794E-05 2.794E-06 1.137E-06 4.491E-05 1.566460 486.88 -27.77 

II 
:I 
I 
I 
I 
I 
I 
I 
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1 MANUAL CURVE MATCH RESULTS: 

MATCH POINT AT Tt/rc**2 = 1.0, TIME = 0.0010 

I TRANSMISSIVITY = 7.2827E-06 FEET**2/SECOND 
STORATIVITY = 1.0000E-03 

METHOD OF BOUYER AND RICE 

' -

.I 
COMPUTED RESULTS USING DIAMETER OF DRILLED HOLE: 

PERMEABILITY = 9.50E-07 FT/SECOND = 2.90E-05 CM/SECOND 

'I TRANSMISSIVITY= 1.81E-05 FT**2/SECOND 

I COMPUTED RESULTS USING DIAMETER OF CASING AND SCREEN: 

r -

I 
PERMEABILITY= 1.33E-06 FT/SECOND = 4.05E-05 CM/SECOND 

TRANSMISSIVITY = 2.54E-05 FT**2/SECOND 

I 
I 
I 
I 

-I 
I 
I 
' 

I 
I 
I 
I ~ 
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PROGRAM SLUGT, VERSION 7,FEB . 1988 

THIS PROGRAM CALCULATES MEAN TRANSMISSIVITIES FROM SLUG-TEST DATA BASED ON TWO ANALYTICAL APPROACHES: 

(1) METHOD OF COOPER, BREDEHOEFT AND PAPADOPULOS, 1967 (ARTICLE IN VOL .3,N0.1 OF :r- ENTITLED RESPONSE OF A FINITE DIAMETER WELL TO AN INSTANTANEOUS CHARGE OF WATER) 

• (2) METHOD OF BOUWER AND RICE, 1976 (ARTICLE IN VOL. 12, N0.3 OF WRR ENTITLED A SLUG 
TEST FOR DETERMINING HYDRAULIC CONDUCTIVITY OF UNCONFINED AQUIFERS WITH COMPLETELY OR PARTIALLY 

~~~ NETRATING WELLS) 

t PROJECT NO.: 91C7343 CLIENT: UTC 

SITE LOCATION: KEOKUK FACILITY DATE OF SLUG TEST: 5-31-91 fl FIELD INVESTIGATOR: CHRIS FITZGERALD 

WELL NO.: MW-9 (RISING HEAD TEST) 

fl INPUT DATA ARE: 

~NNER CASING DIAMETER a 2 . 00 INCHES 
LENGTH OF SCREEN OR INTAKE PORTION • 10 .00 FEET 

1--NER SCREEN OR OPEN-BOLE DIAMETER • 2 . 00 INCHES 
PTH FROM STATIC LEVEL TO BOTTOM OF SCREEN • 19 . 56 FEET 
AMETER OF DRILLED HOLE a 8.00 INCHES 

THICKNESS OF SATURATED AQUIFER ZONE • 19.56 FEET 'f-TIMATED POROSITY OF GRAVEL PACK • 0.15 I LING-HEAD INDEX - 0 ("1" IF FALLING, "0" IF RISING) 
! 

NUMBER OF HEAD-TIME DATA POINTS • 

I TIME HEAD 
(SECONDS) <FEET) 

:I 6.00 2 . 840 
7.00 2.790 
8.00 2.720 
9.00 2.700 

~I 
10.00 2.710 
11 . 00 2.710 
12.00 2.700 
13.00 2 . 690 

I 
14.00 2.680 
15.00 2.680 
16.00 2 . 680 
17.00 2.670 
18.00 2.670 .I 19.00 2.670 
20.00 2.660 
25.00 2.650 
30.00 2.630 

I 
35.00 2.620 
40 . 00 2 , 610 
45 . 00 2.600 
50 . 00 2 . 590 

- 55 . 00 2.580 
60.00 2.570 
65.00 2.560 
70.00 2 , 550 
75 . 00 2 .540 

I 
80.00 2 . 530 
85.00 2 . 520 
90 .00 2 .510 
95 .00 2 . 500 

I TIME HEAD 
(SECONDS) <FEET> 

I = " ~ 

95 

~~ ,-
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II 
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100.00 2 . 490 
105 . 00 2 . 480 
110 . 00 2 . 470 
115 . 00 2.470 
120.00 2 . 460 

I 150.00 2 . 410 
180 . 00 2.360 
210 . 00 2 . 320 
240.00 2 . 270 

I 
270 . 00 2 . 220 
300.00 2 . 190 
330 . 00 2.150 
360.00 2 . 110 
390.00 2 . 070 

I 420 . 00 2.030 
450.00 1 . 990 
480.00 1 . 960 
510.00 1.920 

I 
540.00 1.890 
570.00 1. 860 
600.00 1.830 
720 . 00 1.700 
840 . 00 1.580 

I 960.00 1. 480 
1080.00 1.380 
1200.00 1.300 
1320.00 1.210 

I 
1440.00 1.140 
1560.00 1.060 
1680.00 1 . 000 
1800.00 0.940 

I 
1920.00 0 . 880 
2040 . 00 0 . 820 
2160.00 0 . 780 
2280 . 00 0 . 730 
2400 . 00 0 . 680 

I 
2520 . 00 0 . 640 
2640.00 0 . 610 
2760.00 0 . 570 
2880.00 0 . 53b 
3000.00 0 . 500 

I 3120.00 0 . 470 
3240.00 0 . 450 
3360.00 0 . 430 
3480.00 0 . 400 

I 
3600.00 0.380 
3720.00 0 . 350 
3840.00 0.340 
3960.00 0 . 320 
4080.00 0.300 

I 4200.00 0.290 
4320.00 0 . 270 
4440.00 0 . 260 
4560 . 00 0.250 

I 
4680.00 0 . 240 
4800 . 00 0 .220 
4920.00 0 . 210 
5040.00 0 . 200 

I 
5160 . 00 0 . 200 
5280 . 00 0 . 190 
5400 . 00 0 . 180 
5520.00 0 . 170 
5640 . 00 0 . 160 

I 
5760 . 00 0 . 150 
5880 . 00 0 . 150 

I 
I = 

.. " " 
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HO CALCULATED BASED ON FIRST 12 DATA POINTS 

COMPUTED VALUE FOR HO (FEET) 2 . 8488 

:I METHOD OF COOPER, BREDEHOEFT AND PAPADOPULOS 

COMPUTED RESULTS: 

fl COMPUTED VALUE OF HO a 2 . 85 FEET 

NOTE: TRANSMISSIVITY UNITS ARE IN FT**2/SECOND AND PERMEABILITY UNITS ARE IN FT/SECOND 

:1 ALPHA STORATIVITY MEAN MEAN MINIMUM MAXIMUM RATIO OF ROOT MEAN DIFFERENCE 
TRANSMIS- PERMEA- TRANS. TRANS. "T" RANGE TO SQUARE OF IN RMS 

SIVITY BILITY TBAR TIME 

I l. OOOE-01 

DEVIATIONS 

l. OOOE-01 3 . 446E-06 3.446E-07 l. 541E-07 7.541E-06 2.143881 2035.02 0 . 00 

1 . 000E-02 l . OOOE-02 7.793E-06 7 . 793E-07 4 . 434E-07 1 . 805E-05 2.258957 319.47 1715.55 

I 1 . 000E-03 1. 000E-03 1.380E-05 1.380E-06 1.139E-06 4.292E-05 3.026713 608 . 55 -289.08 

1 . 000E-04 1. 000E-04 2 . 005E-05 2 . 005E-06 3.115E-06 7.006E-05 3 . 338753 953.70 -345.15 

I 1.000E-05 

1.000E- 06 

1. 000E-05 2 . 601E-05 2 . 601E-06 5.455E-06 9 . 671E-05 3 . 508967 1214.15 -260.45 

l. OOOE-06 3.182E- 05 3 . 182E-06 7 . 825E-06 1 . 227E-04 3.611196 1358.49 -144.34 

I 1 . 000E-07 

1 . 000E-08 

1. OOOE-07 3. 770E-05 3 . 770E-06 1 . 005E- 05 1.485E-04 3. 673371 1403.33 -44.83 

1. 000E-08 4.367E-05 4 . 367E-06 1.221E-05 . 1 . 739E-04 3 . 702271 1400 . 53 2.80 

I 
1.000E-09 

1 . 000E-10 

1. 000E-09 4 . 969E- 05 4 . 969E-06 1. 446E- 05 1. 991E-04 3 . 715026 1386 . 52 14.00 

l. OOOE-10 5.562E-05 5. 562E-06 1 . 663E- 05 2 . 240E-04 3.727824 1392 . 63 -6.11 

I 
I 
I 
I 
I 
I 
I 
I 
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MANUAL CURVE MATCH RESULTS : 

MATCH POINT AT Tt/rc**2 = 1.0, TIME 2 0.0003 

TRANSMISSIVITY= 1.8392E-06 FEET**2/SECOND 
STORATIVITY = 1. 0000E- 01 

METHOD OF BOUWER AND RICE 

COMPUTED RESULTS USING DIAMETER OF DRILLED HOLE : 

PERMEABILITY = 4.35E-06 FT/SECOND ~ 1.32E-04 OM/SECOND 

TRANSMISSIVITY • 8 . 50E-05 FT**2/SECOND 

COMPUTED RESULTS USING DIAMETER OF CASING AND SCREEN : 

PERMEABILITY • 6 .08E-06 FT/SECOND • 1. 85E-04 OM/SECOND 

TRANSMISSIVITY • 1. 19E-04 FT**2/SECOND 
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PROGRAM SLUGT, VERSION ?,FEB. 1988 

liiHIS PROGRAM CALCULATES MEAN TRANSMISSIVITIES FROM SLUG-TEST DATA BASED ON TWO ANALYTICAL APPROACHES: 
(1) METHOD OF COOPER, BREDEHOEFT AND PAPADOPULOS, 1967 (ARTICLE IN VOL.3,N0.1 OF ~RR ENTITLED RESPONSE OF A 

FINITE DIAMETER ~ELL TO AN INSTANTANEOUS CHARGE OF ~ATER) 

I (2) METHOD OF BOU~ER AND RICE, 1976 (ARTICLE IN VOL. 12, N0.3 OF ~RR ENTITLED A SLUG TEST FOR DETERMINING HYDRAULIC 
ONDUCTIVITY OF UNCONFINED AQUIFERS ~ITH COMPLETELY OR PARTIALLY PENETRATING ~ELLS) 

~I 
PROJECT NO.: 91C7343 CLIENT: UTC 

SITE LOCATION: KEOKUK FACILITY DATE OF SLUG TEST: 5-31-91 

FIELD INVESTIGATOR: CHRIS FITZGERALD 

~ELL NO.: M~·10R 

INPUT DATA ARE: 

•

NER CASING DIAMETER = 4.00 INCHES 
NGTH OF SCREEN OR INTAKE PORTION = 10.00 FEET 
NER SCREEN OR OPEN-HOLE DIAMETER = 4.00 INCHES 

DEPTH FROM STATIC LEVEL TO BOTTOM OF SCREEN= 29.13 FEET 
·~- IAMETER OF DRILLED HOLE= 9.00 INCHES 

ICKNESS OF SATURATED AQUIFER ZONE= 29.13 FEET 
TIMATED POROSITY OF GRAVEL PACK= 0.15 

FALLING-HEAD INDEX = 0 ( 111" IF FALLING,"O" IF RISING) 

I NUMBER OF HEAD-TIME DATA POINTS = 

'I TIME HEAD 
(SECONDS) (FEET) 

6.00 2.740 

I 
7.00 2.740 
8.00 2.730 
9.00 2.730 

10.00 2.710 
11.00 2.710 

I 12.00 2.700 
13.00 2.700 
14.00 2.690 
15.00 2.690 :I 16.00 2.690 
17.00 2.680 
18.00 2.680 
19.00 2.680 
20.00 2.680 

I 25.00 2.670 
30.00 2.660 
35.00 2.660 
40.00 2.650 

I 
45.00 2.640 
50.00 2.640 
55.00 2.630 
60.00 2.630 
65.00 2.620 

I 70.00 2.610 
75.00 2.610 
80.00 2.610 
85.00 2.600 

I 
90.00 2.600 
95.00 2.590 

100.00 2.590 
105.00 2.580 
110.00 2.580 

I 115.00 2.580 
120.00 2.570 
150.00 2.540 

I ~ 

108 
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180.00 2.520 
210.00 2.500 
240.00 2.480 
270.00 2.460 
300.00 2.440 

.I 330.00 2.420 
360.00 2.400 
390.00 2.380 
420.00 2.360 

:-1 450.00 2.350 
480.00 2.330 
510.00 2.320 
540.00 2.300 
570.00 2.280 

~I 
600.00 2.270 
720.00 2.200 
840.00 2.140 
960.00 2.090 

I 
1080.00 2.040 
1200.00 1.990 
1320.00 1.940 
1440.00 1.900 

ll 
1560.00 1.860 
1680.00 1.820 
1800.00 1.780 
1920.00 1. 740 
2040.00 1.710 

il 2160.00 1.680 
2280.00 1.640 
2400.00 1.610 
2520.00 1.580 

fl 
2640.00 1.550 
2760.00 1.520 
2880.00 1.490 
3000.00 1.470 
3120.00 1.440 

:I 
3240.00 1.420 
3360.00 1.390 
3480.00 1.370 
3600.00 1.350 

ll 
3720.00 1.320 
3840.00 1.300 
3960.00 1.280 
4080.00 1.260 
4200.00 1.240 

ll 4320.00 1.220 
4440.00 1.200 
4560.00 1.180 
4680.00 1.160 

:i 
.4800.00 1.140 
4920.00 1.130 
5040.00 1.110 
5160.00 1.090 
5280.00 1.080 

I 
5400.00 1.060 
5520.00 1.040 
5640.00 1.030 
5760.00 1.010 

I 
5880.00 1.000 
6000.00 0.980 
6600.00 0.920 
7200.00 0.860 
7800.00 0.810 

I 
8400.00 0.760 
9000.00 0.720 
9600.00 0.680 

10200.00 0.650 
10800.00 0.610 

I 11400.00 0.590 
12000.00 0.560 
12600.00 0.530 

I ~l 
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13200.00 0.510 

HO CALCULATED BASED ON FIRST 18 DATA POINTS 

I COMPUTED VALUE FOR HO (FEET) 2.7434 

I 
METHOD OF COOPER, BREDEHOEFT AND PAPADOPULOS 

COMPUTED RESULTS: 

I COMPUTED VALUE OF HO = 2.74 FEET 

NOTE: TRANSMISSIVITY UNITS ARE IN FT**2/SECOND AND PERMEABILITY UNITS ARE IN FT/SECOND 

I 
ALPHA STORATIVITY MEAN MEAN MINIMUM MAXIMUM RATIO OF ROOT MEAN DIFFERENCE 

TRANSMIS- PERMEA- TRANS. TRANS. "T" RANGE TO SQUARE OF IN RMS 
SIVITY BILITY TBAR TIME 

DEVIATIONS 

I 1.000E-01 

1.000E·02 

1.000E-01 2.537E-06 2.537E-07 2.151E·07 4.015E·06 1.497659 2053.27 0.00 

1.000E·02 6.935E-06 6.935E-07 6.188E·07 1.026E-05 1.390598 264.11 1789.16 

I 
1.000E-03 

1.000E·04 

1.000E·03 1.389E-05 1.389E·06 1.589E-06 3.063E·05 2.091461 1376.74 -1112.63 

1.000E·04 2. 169E-05 2. 169E·06 3.362E-06 5.547E-05 2.402349 1854.31 -477.57 

I 
1.000E·05 

1.000E·06 

1.000E·05 2.947E-05 2.947E-06 6.315E·06 8.037E-05 2.512588 2083.02 -228.71 

1.000E-06 3.711E-05 3.711E-06 9.618E-06 1.050E·04 2.569386 2211.53 -128.51 

1.000E·07 1.000E-07 4.463E-05 4.463E·06 1.278E-05 1.294E·04 2.612715 2293.73 -82.20 

I 1.000E-08 

1.000E-09 

1.000E·08 5.205E-05 5.205E-06 1.592E-05 1.535E·04 2.642191 2350.03 -56.31 

1.000E·09 5.942E-05 5.942E·06 1.902E·05 LmE-04 2.662m 2393.14 -43.10 

I 1.000E-10 1.000E·10 6.670E·05 6.670E-06 2.169E-05 2.009E-04 2.687405 2443.65 -50.52 

I 
I 
I 
I 
I 
I 
I 



I 

[I 
I 
I 

MANUAL CURVE HATCH RESULTS: 

HATCH POINT AT Tt/rc**2 = 1.0, TIME= 0.0003 

TRANSMISSIVITY = 7.3569E·06 FEET**2/SECOND 
STORATIVITY = 1.0000E·02 

METHOD OF B~R AND RICE 

COMPUTED RESULTS USING DIAMETER OF DRILLED HOLE: 

PERMEABILITY = 4.66E·06 FT/SECOND = 1.42E-04 CM/SECOND 

TRANSMISSIVITY= 1.36E-04 FT**2/SECOND 

COMPUTED RESULTS USING DIAMETER OF CASING AND SCREEN: 

PERMEABILITY = 5.75E-06 FT/SECOND = 1. 75E·04 CH/SECOND 

fll TRANSMISSIVITY = 1.67E·04 FT**2/SECOND 

I 
I 
I 
I 
I 
I 
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· Enseco 
A CORNING Company 

June 6, 1991 

Mr. David Dods 
Woodward-Clyde Consultants 
5055 Antioch Road 
Overland Park, KS 66203 

Dear Mr. Dods: 

Rocky Mountain 
Analytical Laboratory 

Enclosed is the report for two samples received at Enseco-Rocky Mountain 
Analytical Laboratory on May 23, 1991. 

Included with. the report is a quality control summary. 

Please call if you have any questions~ 

/ 

Sincerely, 

#/!~ ' 
e Es~y 
ram Administrator 

JE/SD/heg 
Enclosures 

RMAL #015095 

Enseco Incorporated 
4955 Yarrow Street 
Arvada, Colorado 80002 
303j42L -66ll Fax: 303/43l-7l 7 l 

Reviewed by: 

b(fl_tf!~ad #t 
Sue Dalla 
Manager 
Program Administration 
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Reviewed by: 

ANALYTICAL RESULTS 

FOR 

WOODWARD-CLYDE CONSULTANTS " 

ENSECO-RMAL NO. 015095 

JUNE 6, 1991 

Enseco Incorporated 
~955 Yarrow Street 
Ar;aJa. Colorado 80002 
303/~2 1- 661 1 Fax : 303/~ 3 1- 7171 

. :'\, 

Rocky Mountain 
Analytical Laboratory 

''- Enseco 
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--------------------------------------------------~~Enseco 

Introduction 

This repor~ presents the analytical results as well as supporting 
information to aid in the evaluation and interpretation of the data and is 
arranged in the following order: 

o Sample Description Information 
o Analytical Test Requests 
o Analytical Results 
o Quality Control Report 

A C0ming Cllmpany 

"J" values have been reported for the volatiles, semivolatiles and metals 
analyses. A "J" value indicates an estimated value. For Methods 8240 and 
8270 a "J" value is where the mass spectra data indicate the presence of a 
compound which meets identification criteria; however, the result is less than 
the reporting limit but greater than the instrument _detection limit (IDL). 

All analyses at Enseco are performed so that the maximum concentration of 
sample consistent with the method is analyzed. Dilutions are at times 
required to avoid saturation of the detector, to achieve linearity for a 
specific target compound or to reduce matrix interferences. In this event, 
reporting limits are adjusted proportionately. Surrogate compounds may not be 
measurable in samples which have been diluted • 

Sample 015095-0002 by Method 8240 was prepared·as a medium level soil 
based on the screening data. No further dilutions were required for the final 
analysis. The reporting limits for sample 015095-0002 are nominal for medium 
1 eve 1 soils. 

Sample Description Information 

The Sample Description Information lists all of the samples received in 
this project together with the internal laboratory identification number 
assigned for each sample. Each project received at Enseco - RMAL is assigned 
a unique six digit number. Samples within the project are numbered 
sequentially. The laboratory identification number is a combination of the 
six digit project code and the sample sequence number. 
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---------------------------------------------------------~iEnseco 
·- A Commg Company 

~ 

Also given in the Sample Description Information is the Sample Type 
(matrix)~ Date of Sampling (if known) and Date of Receipt at the l~boratory. 

Analytical Test Requests 

The Analytical Test Requests lists the analyses that were performed on 
each sample. The Custom Test column indicates where tests have been modified 
to conform to the specific requirements of this project. 
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-------------------------------------------------- ~ Enseco 
_, A Comm~ Com pan~ 

Lab ID Client ID 

015095-0001-SA MW-11 (30-32') 
015095-0002-SA MW-10 (5-7') 

SAMPLE DESCRIPTION INFORMATION 
for 

Woodward-Clyde Consultants 

Matrix 
Sampled 

Date Time 

SOIL 
SOIL 

20 MAY 91 
21 MAY 91 

~! 
~·· 

Received 
Date 

23 MAY 91 
23 MAY 91 
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____ ____:_ ___________________ ~~Enseco 

-....- A Coming Comp.a ny 

Lab 10: Group 

ANALYTICAL TEST REQUESTS 
for 

Woodward-Clyde Consultants 

015095 Code Analysis Description 

0001 - 0002 A Volatile Organics 
Target Compound List (TCL) 

GC Screen For Low Level Soils 
Volatile Organics 

Target Compound List fTCL) 
VOA Screen for Medium Leve Soils 

Custom 
Test? 

y 
y 
N 
y 
y 
N 
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~ Enseco 
A Cummg Cump• ny 

Analytical Results 

The analytical results for this project are presented in the following 
data tables. Each data table includes sample identification information, and 
when available and appropriate, dates sampled, received, authorized, prepared 
and analyzed. The authorization data is the date when the project was defined 
by the client such that laboratory work could begin. 

Data sheets contain a listing of the parameters measured in each test, the 
analytical results and the Enseco reporting limit. Reporting limits are 
adjusted to reflect dilution of the sample, when appropriate. Solid and waste 
samples are reported on an "as received" basis, i.e. no correction is made for 
moisture content. 

Enseco-RMAL is no longer routinely blank-correcting analytical data. 
Uncorrected analytical results are reported, along with associated blank 
results, for all organic and metals analyses. Analytical results and blank 
results are reported for conventional inorganic parameters as specified in the 
method. This policy is described in detail in the Enseco Incorporated Quality 
Assurance Program Plan for Environmental Chemical Monitoring, Revision 3.3, 
May, 1989. 

The results from the Standard Enseco QA/QC Program, which generates data 
which are independent of matrix effects, is provided subsequently. 



I ~Enseco 
Volatile Organics A Commg Comp.my 

I Target Com~ound List (TCL) 
Met od 8240 

-I Client Name: Woodward-Clyde Consultants 
Client 10: MW-11 (30-32 I) 
Lab ID: 015095-0001-SA 
Matrix: SOIL Sampled: 20 MAY 91 Received: 23 MAY 91 

I 
Authori ~ed: 23 MAY 91 Prepared: 24 MAY 91 Analyzed: 28 MAY 91 '. 

Wet wt. Re~orting 
Parameter Result Units imit 

'I 
' 

Acetone 19 ugjkg 10 
Benzene NO ug/kg 5.0 
Bromodichloromethane NO ug/kg 5.0 ., Bromoform NO ug/kg 5.0 
Bromomethane NO ug/kg 10 
2-Butanone fMEK) 3.3 ug/kg 10 J 

ll 
Carbon disu fide NO ug/kg 5.0 
Carbon tetrachloride NO ugjkg 5.0 
Chlorobenzene NO ug/kg 5.0 
Chloroethane NO ug/kg 10 .I Chloroform NO ug/kg 5.0 
Chloromethane NO ug/kg 10 
Oibromochloromethane NO ug/kg 5.0 
1,1-0ichloroethane NO ug/kg 5.0 -

·a 1,2-0ichloroethane NO ug/kg 5.0 
1,1-0ichloroethene NO ugjkg 5.0 
1,2-0ichloroethene 

I 
btotal) NO ug/kg 5.0 

1,2- ichloro~ropane NO ug/kg 5.0 
cis-1,3-0ich oropropene NO ug/kg 5.0 
trans-1,3-0ichloropropene NO ug/kg 5.0 

I 
Ethyl benzene NO ug/kg 5.0 
2-Hexanone NO ug/kg 10 
Methylene chloride 2.5 ug/kg 5.0 J 
4-Methyl-2-pentanone 

ug/kg I (MIBK) NO 10 
Styrene NO ugjkg 5.0 
1,1,2,2-Tetrachloroethane NO tig/kg 5.0 

I 
Tetrachloroethene NO ug/kg 5.0 
Toluene NO ug/kg 5.0 
1,1,1-Trichloroethane NO ug/kg 5.0 
1,1,2-Trichloroethane NO ug/kg 5.0 

I 
Trichloroethene NO ug/kg 5.0 
Vinyl acetate NO ug/kg 10 
Vinyl chloride NO ug/kg 10 
Xylenes (total) NO ug/kg 5.0 

I Hexane NO ugjkg 
n-Butyl alcohol NO ug/kg 
lsobutanol NO ug/kg 200 

I 
NO • Not detected 

(continued on following page)· 

I NA • Not applicable 

Reported By: Cesar Rojas Approved By: Mark Oymerski 

I 
I 
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------------------------ i /Enseco 
Volatile Organics 

Target Compound List (TCL) 
Method 8240 

Client Name: 
Client ID: 

Woodward-Clyde Consultants 
MW-11 (30-32') 

Lab 10: 
Matrix: 
Authorized: 

Surrogate 

015095-0001-SA 
SOIL 
23 MAY 91 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

Sampled: 20 MAY 91 
Prepared: 24 MAY 91 

Recovery 

103 
96 
91 

% 
% 
% 

Received: 23 MAY 91 
Analyzed: 28 MAY 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO • Not detected 
NA • Not applicable 

Reported By: Cesar Rojas Approved By: Mark Dymerski 

A Cummg Cump•ny 
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Volatile Organics A Coman): Comp• nv 

I Target Comhound List {TCL) 
Met od 8240 

l 
Client Name: Woodward-Cl)de Consultants 
Client 10: MW-10 {5-7' 
Lab 10: 015095-0002-SA 
Matrix: SOIL Sampled: 21 MAY 91 Received: 23 MAY 91 

I 
Authorized: 23 MAY 91 Prepared: 24 MAY 91 Analyzed: 30 MAY 9t .:r 

Wet wt. Relorting 
Parameter Result Units imit 

'I Acetone NO ug/kg 1000 
Benzene NO ug/kg 500 

I 
Bromodichloromethane NO ug/kg 500 
Bromoform NO ug/kg 500 
Bromomethane NO ug/kg 1000 
2-Butanone ~MEK) NO ug/kg 1000 

I Carbon disu fide NO ug/kg 500 
Carbon tetrachloride NO ug/kg 500 
Chlorobenzene NO ug/kg 500 
Chloroethane NO ug/kg 1000 

II Chloroform NO ug/kg 500 
Chloromethane NO ug/kg 1000 
Dibromochloromethane NO ugjkg 500 

I 
1,1-Dichloroethane NO ug/kg 500 
1,2-Dichloroethane NO ug/kg 500 
1,1-Dichloroethene NO ug/kg 500 
1,2-Dichloroethene 

t . btotal) NO ug/kg 500 I · 1,2- ichloro~ropane NO ug/kg 500 
cis-1,3-Dich oropropene NO ug/kg 500 
trans-1,3-Dichloropropene NO ug/kg 500 

~I 
Ethyl benzene 1000 ug/kg 500 
2-Hexanone NO ug/kg 1000 
Methylene chloride ' 140 ug/kg 500 J 

I 
4-Methyl-2-pentanone 

ug/kg {MIBK) NO 1000 
Styrene NO ug/kg 500 
1,1,2,2-Tetrachloroethane NO ug/kg 500 

:t Tetrachloroethene NO ug/kg 500 
Toluene 6200 ug/kg 500 
1,1,1-Trichloroethane NO ug/kg 500 
1,1,2-Trichloroethane NO ug/kg 500 

I Trichloroethene NO . ug/kg 500 
Vinyl acetate NO :. ug/kg 1000 
Vinyl chloride NO ug/kg 1000 

I 
Xylenes {total) 2600 ug/kg 500 
Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
Isobutanol NO ug/kg 20000 

I 
{continued on following page) 

I NO • Not detected 
NA • Not applicable 

I 
Reported By: Deneen Spence Approved By: Mark Dymerski 

I ~! 
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~., A C.>ming Compdny Volatile Organics 

Target Compound List (TCL) 
Method 8240 

Client Name: 
Client ID: 
Lab ID: 

Woodward-Clyde Consultants 
MW-10 (5-7') 
015095-0002-SA 

Matrix: 
Authorized: 

SOIL Sampled: 21 MAY 91 
23 MAY 91 Prepared: 24 MAY 91 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

97 
98 

102 

% 
% 
% 

Received: 23 MAY 91 
Analyzed: 30 MAY 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA • Not applicable 

Reported By: Deneen Spence Approved By: Mark Dymerski 



I 
.I 

fl 
!I 
I 
I 
I 
I 
I 
I 
:1 
I 
I 
I 
I 
I 
I 
I 
I 

------------------------- 3:. Enseco 
...... A Coming Comp.my 

Quality Control Results 

The Enseco laboratories operate under a vigorous QA/QC program designed to · 
ensure the generation of scientifically valid, legally defensible data by 
monitoring every aspect of laboratory operations. Routine QA/QC procedures 
include the use of approved methodologies, independent verification of 
analytical standards, use of duplicate Laboratory Control Samples to assess 
the precision and accuracy of the methodology on a routine basis, and a 
rigorous system of data review. 

In addition, the Enseco laboratories maintain a comprehensive set of 
certifications from both state and federal governmental agencies which require 
frequent analyses of blind audit samples. Enseco - Rocky Mountain Analytical 
Laboratory is certified by the EPA under the EPA/CLP program for both Organic 
and Inorganic analyses, under the USATHAMA (U.S. Army) program, by the Army 
Corps of Engineers, and the states of Colorado, New Jersey, New York, Utah, 
and Florida, among others. 

The standard laboratory QC package is designed to: 

1) establish a strong, cost-effective QC program that ensures the 
generation of scientifically valid, legally defensible data 

2) assess the laboratory's performance of the analytical method 
using control limits generated with a well-defined matrix 

3) establish clear-cut guidelines for acceptability of analytical 
data so that QC decisions can be made immediately at the bench, 
and 

4) provide a standard set of reportables which assures the client 
of the quality of his data. 
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The Enseco. QC program is based upon monitoring the precision and accuracy 
of an analytical method by analyzing a set of Duplicate Control Samples (DCS) 
at frequent, well-defined intervals. Each DCS is a well-characterized matrix 
which is spiked with target compounds at 5-100 times the reporting limit, 
depending upon the methodology being monitored. The purpose of the DCS is not 
to duplicate the sample matrix, but rather to provide an interference-free, 
homogeneous matrix from which to gather data to establish control limits. 
These limits are used to determine whether data generated by the laboratory on 
any given day is in control. 

Control limits for accuracy (percent recovery) are based on the average, 
historical percent recovery+/- 3 standard deviation units. Control limits 
for precision (relative percent difference) range from 0 (identical duplicate 
DCS results) to the average, historical relative percent difference + 3 

standard deviation units. These control limits are fairly narrow based on the 
consistency of the matrix being monitored and are updated on a quarterly 
basis. 

For each batch of samples analyzed, an additional control measure is taken 
in the form of a Single Control Sample (SCS). The SCS consists of a control 
matrix that is spiked with either representative target compounds or surrogate 
compounds appropriate to the method being used. An SCS is prepared for each 
sample lot for which the DCS pair are not analyzed~ 

Accuracy for DCS and SCS is measured by Percent Recovery. 

Measured Concentrat i on 
% Recovery = ------------ X 100 

Actual Concentration 

Precision for DCS is measured by Relative Percent Difference (RPD). 

I Measured Concentration DCS1 - Measured Concentration DCS2 I 
RPD = ------------------------- X 100 

(Measured Concentration DCS1 + Measured Concentration DCS2)/2 
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~ A Comtn~ Company 

All .samples analyzed concurrently by the same test are assigned the same 
QC lot number. Projects which contain numerous samples, analyzed over several 
days, may have multiple QC lot numbers a~sociated with each test. The QC 
information which follows includes a listing of the QC lot numbers associated 
with each of the samples reported, DCS and SCS (where applicable) recoveries 
from the QC lots associated with the samples, and control limits for these 
lots. The QC data is reported by test code, in the order that the tests are 
reported in the analytical results section of this report. 
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·- A Comm11 Comp•n\' 

I 
II QC LOT ASSIGNMENT REPORT 

Volatile Organics by GC/MS 

I Laboratory 
Sample Number 

II 015095-0001-SA 
015095-0002-SA 

-I 
I 
I 
I 
I 
I 
I 
I 
I· 

I 
I 
I 
I 
I 
I 

QC Matrix 

SOIL 
SOIL 

QC Category 

8240-Sl 
8240-S 

QC lot Number 
(DCS) 

15 MAY 91-l 
13 MAY 91-A 

QC Run Number 
(SCS/BLANK) 

28 MAY 91-l 
28 MAY 91-A 



I ------------------------- ~ Enseco 
.v A Coming CllmpJny 

I DUPLICATE CONTROL SAMPLE REPORT 
Volatile Organics by GC/MS 

I Analyte 

I Category: 8240-SL 
Matrix: SOIL 

r~-~ QC Lot: 15 MAY 91-L 
. Concentration Units: ug/Kg 

.I 
I 
ll 
:a 
:I 

1,1-Dichloroethene 
Trichloroethene 
Benzene 
Toluene 
Chlorobenzene 

Category: 8240-S 
Matrix: SOIL 
QC Lot: 13 MAY 91-A 
Concentration Units: 

1,1-Dichloroethene 
Trichloroethene 
Benzene 
Toluene 
Chlorobenzene 

ug/kg 

Concentration 
Spiked Measured 

50 
50 
50 
50 
50 

5000 
5000 
5000 
·5ooo 
5000 

DCS1 DCS2 

47.2 
46.4 
49.9 
48.0 
48.8 

4500 
5340 
5750 
6030 
5870 

42.9 
41.4 
46.6 
45.9 
48.1 

4120 
5170 
5750 
5900 
5810 

AVG 

Accuracy Precision 
Average(%) (RPD) 

DCS Limits OCS Limit 

45.0 90 59-172 9.5 22 
43.9 88 62-137 11 24 
48.2 97 66-142 6.8 21 
47.0 94 59-139 4.5 21 
48.4 97 60-133 1.4 21 

4310 86 59-172 8.8 22 
5260 105 62-137 3.2 24 
5750 115 66-142 0.0 21 
5960 119 59-139 . 2.2 21 
5840 117 60-133 1.0 21 

:1 Calculations are performed before rounding to avoid round-off errors in calculated results . 

. I 
I 
~I 

I 
I 
I 
I 
I 
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I SINGLE CONTROL SAMPLE REPORT 
Volatile Organics by GC/MS 

1 
:I 
r1 
fl 
[I 

tl 
ll 

Analyte 

Cate~ory: 8240-SL 
Matnx: SOIL 
QC Lot: 15 MAY 91-L 
Concentration Units: 

1,2-0ichloroethane-d4 
4-Bromofluorobenzene 
Toluene-dB 

Cate~ory: 8240-S 
Matr1X: SOIL 
QC Lot: 13 MAY 91-A 
Concentration Units: 

1,2-0ichloroethane-d4 
4-Bromofluorobenzene 
Toluene-dB 

QC Run: 
ug/Kg 

QC Run: 
ug/kg 

Concentration 
Spiked Measured 

28 MAY 91-L 

28 MAY 91-A 

50.0 
50.0 
50.0 

5000 
5000 
5000 

46.4 
51.1 
51.1 

5370 
5450 
5380 

Accuracy(%) 
SCS limits 

93 70-121 
102 74-121 
102 81-117 

107 
109 
108 

70-121 
74-121 
81-117 

:I Calculations are performed before rounding to avoid round-off errors in calculated results. 

:t 

.I 

:I 

I 
I 
tl 
I 
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I METHOD BLANK REPORT 
Volatile Organics by GC/MS 

I Analyte Result Units 
ReEorting 

imit 

:I Test: 8240CPL-TCL-S 
Matrix: SOIL 
QC Lot: 15 MAY 91-L QC Run: 28 MAY 91-L 

~I Acetone NO ug/kg 10 
Benzene NO ug/kg 5.0 

!I 
Bromodichloromethane NO ug/kg 5.0 
Bromoform NO ug/kg 5.0 
Bromomethane NO ug/kg 10 
2-Butanone ~MEK) NO ug/kg 10 

I Carbon disu fide NO ug/kg 5.0 
Carbon tetrachloride NO ug/kg 5.0 
Chlorobenzene NO ug/kg 5.0 
Chloroethane NO ug/kg 10 

I Chloroform NO ug/kg 5.0 
Chloromethane NO ug/kg 10 
Dibromochloromethane NO ug/kg 5.0 

11 
1,1-Dichloroethane NO ·ug/kg 5.0 
1,2-Dichloroethane NO ug/kg 5.0 
1,1-0ichloroethene NO ug/kg 5.0 
1,2-Dichloroethene 

I ~total~ NO · ug/kg 5.0 
1, -Oich oro~ropane NO ug/kg 5.0 
cis-1,3-0ich oropropene NO ug/kg 5.0 
trans-1,3-Dichloropropene NO ug/kg 5.0 

,I Ethyl benzene NO ug/kg 5.0 
2-Hexanone NO ug/kg 10 
Methylene chloride . 6. 9 ug/kg 5.0 

;I 
4-Methyl-2-pentanone 

ug/kg (MIBK) NO 10 
Styrene NO ug/kg 5.0 
1,1,2,2-Tetrachloroethane NO ug/kg 5.0 

I Tetrachloroethene NO ug/kg 5.0 
Toluene NO ug/kg 5.0 
1,1,1-Trichloroethane NO ug/kg 5.0 
1,1,2-Trichloroethane NO ug/kg 5.0 !I Trichloroethene NO ug/kg 5.0 
Vinyl acetate NO ug/kg 10 
Vinyl chloride NO ug/kg 10 
Xy 1 enes (tot a 1) NO ug/kg 5.0 

I Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
Isobutanol NO ug/kg 200 

I 
I 
I 
I " ~! 
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I METHOD BLANK REPORT 
Volatile Organics by GC/MS (cont.) 

I Re~orting 
Analyte Result Units imit 

I Test: 8240CPM-TCL-S 
Matrix: SOIL .I QC Lot: 13 MAY 91-A QC Run: 28 MAY 91-A 

Acetone 390 ug/kg 1000 J 

!I 
Benzene NO ug/kg 500 
Bromodichloromethane NO ug/kg 500 
Bromoform NO ug/kg 500 
Bromomethane NO ug/kg 1000 

I 2-Butanone fMEK) NO ug/kg 1000 
Carbon disu fide NO ug/kg 500 
Carbon tetrachloride NO ug/kg 500 
Chlorobenzene NO ug/kg 500 

[I Chloroethane NO ug/kg 1000 
Chloroform NO ug/kg 500 
Chloromethane NO ug/kg 1000 

!I 
Dibromochloromethane NO ug/kg 500 
1,1-Dichloroethane NO ug/kg 500 
1,2-Dichloroethane NO ug/kg 500 
1,1-Dichloroethene NO ug/kg 500 

:I 1,2-Dichloroethene 
~total~ NO ug/kg 500 

1, -Dich oro~ropane NO· ug/kg 500 
cis-1,3-Dich oropropene NO ug/kg 500 .I trans-1,3-Dichloropropene NO ug/kg 500 
Ethyl benzene NO ug/kg 500 
2-Hexanone NO ug/kg 1000 

~I 
Methylene chloride NO ug/kg 500 
4-Methkl-2-pentanone 

(MIS ) NO ug/kg 1000 
Styrene NO ug/kg 500 

l . 1,1,2,2-Tetrachloroethane NO ug/kg 500 :I Tetrachloroethene NO ug/kg 500 
Toluene NO ug/kg 500 
1,1,1-Trichloroethane NO ug/kg 500 

I 1,1,2-Trichloroethane NO ug/kg 500 
Trichloroethene NO ug/kg 500 
Vinyl acetate NO ug/kg 1000 
Vinyl chloride NO ug/kg 1000 

I Xylenes (total) NO ug/kg 500 
Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 

I Isobutanol NO ug/kg 20000 

I 
I 
I ?! ~~ 
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Enseco 
A CORNING Company 

June 7, 1991 

Mr. David Dods 
Woodward-Clyde Consultants 
5055 Antioch Road 
Overland Park, KS 66203 

Dear Mr. Dods: 

Rocky Mountain 
Analytical LaboratOry 

Enclosed is the report for two samples received at Enseco-Rocky Mountain 
Analytical Laboratory on May 24, 1991. 

Included with the report is a quality control summary. 

Please call if you have any questions. 

Sincerely, 

.~rz· -
Julie Ess 
Program dministrator 

JE/SD/dmh 
Enclosures 

RMAL #015127 

Enseco Incorporated 
4955 Yarrow Street 
Arvada, Colorado 80002 
303/421-6611 Fax: 303/ 431-7171 

Reviewed by: 

LLJ)1!it~ 
Sue Dalla 
Manager 
Program Administration 
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Reviewed by: 

ANALYTICAL RESULTS 

FOR 

WOODWARD-CLYDE CONSULTANTS 

ENSECO-RMAL NO. 015127 

JUNE 7, 1991 

Enseco Incorporated 
-1955 Yarrow Street 
Ar.-ada. ColoraJo 80002 
303/-121-6611 Fax: 303/-131-7171 

Rocky Mountain 
Analytical Laboratory 

Enseco 



I 
.I 

1 
~I 

I 
. , 
I 
I 
I . 
I 
r . 

I 
I 
:I 
:I 
I 
' . 

I 
I 
I 
I 
I 
I 

~~ . Enseco 

Introduction 

This report presents the analytical results as well as supporting 
information to aid in the evaluation and interpretation of the data and is 
arranged in the following order: 

o Sample Description Information 
o Analytical Test Requests 
o Analytical Results 
o Quality Control Report 

.-\ Comm~ Cumpdny 

"J'' values have been reported for the volatiles, semivolatiles, and metals 
analyses. A "J" value indicates an estimated value. For Methods 8240 and 
8270 a "J'' value is where the mass spectra data indicate the presence of a 
compound which meets identification criteria; however, the result is less than 
the reporting limit but greater than the instrument detection limit {IDL). 

All analyses at Enseco are performed so that the maximum concentration of 
sample consistent with the method is analyzed. Dilutions are at times 
required to avoid saturation of the detector, to achieve linearity for a 
specific target compound, or to reduce matrix interferences. In this event, 
reporting limits are adjusted proportionately. Surrogate compounds may not be 
measurable in samples which have been diluted. 

Samples 015127-0001 and -0002 by Method 8240 were prepared as medium level 
soils based on the screening data. Both samples were further diluted due to 
elevated concentrations of target compounds. The surrogates for sample 
015127-0001 were not. recovered and are, therefore, reported as NO {not 
detected). 

Sample Description Information 

The Sample Description Information lists all of the samples received in 
this project together with the internal laboratory i~entification number 
assigned for each sample. Each project received at Enseco - RMAL is assigned 
a unique six digit number. Samples within the project are numbered 
sequentially. The laboratory identification number is a combination of the 
six digit project code and the sample sequence number. 
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Also given in the Sample Description Information is the Sample Type 
(matrix}, Date of Sampling (if known) and Date of Receipt at the laboratory. 

Analytical Test Requests 

The Analytical Test Requests lists the analyses that were performed on 
each sample. The Custom Test column indicates where tests have been modified 
to conform to the specific requirements of this project. 
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Lab ID Client ID 

SAMPLE DESCRIPTION INFORMATION 
for 

Woodward-Clyde Consultants 

Matrix 
Sampled 

Date Time 

015127-0001-SA WCS-3 (1.5-3.5 feet) 
015127-0002-SA WCS-4 (8-10 feet) 

SOIL 
SOIL 

22 MAY 91 
22 MAY 91 

-.Enseco 
A Com ing Comp.my 

Received 
Date 

24 MAY 91 
24 MAY 91 
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Lab ID: 
015127 

0001 - 0002 

Group 

ANALYTICAL TEST REQUESTS 
for 

Woodward-Clyde Consultants 

Code Analysis Description 

A Volatile Organics 
Target Compound List (TCL} 

GC Screen For Low Level Soils 
Volatile Organics 

Target Compound List CTCL} 
VOA Screen for Medium Level Soils 

.,~. Enseco 
A Cumm~ Compdn ~· 

Custom 
Test? 

y 
y 
N 
y 
y 
N 
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Analytical Results 

The analytical results for this project are presented in the following 
data tables. Each -data table includes sample identification information, and 
when available and appropriate, dates sampled, received, authorized, prepared 
and analyzed. The authorization data is the date when the project was defined 
by the client such that laboratory work could begin. 

Data sheets contain a listing of the parameters measured in each test, the 
analytical results and the Enseco reporting limit. Reporting limits are 
adjusted to reflect dilution of the sample, when appropriate. Solid and waste 
samples are reported on an "as received" basis, i.e. no correction is made for 
moisture content. 

Enseco-RMAL is no longer routinely blank-correcting analytical data. 
Uncorrected analytical results are reported, along with associated blank 
results, for all organic and metals analyses. Analytical results and blank 
results are reported for conventional inorg~nic parameters as specified in the 
method. This policy is described in detail in the Enseco Incorporated Quality 
Assurance Program Plan for Environmental Chemical Monitoring, Revision 3.3, 
May, 1989 . 

The results from the Standard Enseco QA/QC Program, which generates data 
which are independent of matrix effects, is provided subsequently. 



I ::~ Enseco 
Volatile Organics A Comm!l Comp• nv 

I Target Com~ound List (TCL) 
Met od 8240 

' 
Client Name: Woodward-Clyde Consultants 
Client ID: WCS-3 (1.5-3.5 feet) 
Lab ID: 015127-0001-SA 
Matrix: SOIL Sampled: 22 MAY 91 Received: 24 MAY 91 

I Authorized: 24 MAY 91 Prepared: 29 MAY 91 Analyzed: 01 JUN 91 

Wet wt. Reporting 
Parameter Result Units limit -I Acetone NO ug/kg 200000 
Benzene NO ug/kg 100000 

·a Bromodichloromethane NO ug/kg 100000 
Bromoform NO ug/kg 100000 
Bromomethane NO ug/kg 200000 
2-Butanone fMEK) NO ug/kg 200000 

I Carbon disu fide NO ug/kg 100000 
Carbon tetrachloride NO ug/kg 100000 
Chlorobenzene NO ug/kg 100000 
Chloroethane NO ug/kg 200000 

I Chloroform NO ug/kg 100000 
Chloromethane NO ug/kg 200000 
Oibromochloromethane NO ugfkg 100000 

'' 1,1-0ichloroethane NO ug/kg 100000 

I 1,2-0ichloroethane NO ug/kg 100000 
1,1-0ichloroethene NO ug/kg 100000 
1,2-0ichloroethene 

I ~total) NO ug/kg 100000 
1,2- ichlorovropane NO ug/kg 100000 
cis-1,3-0ich oropropene NO· ug/kg 100000 
trans-1,3-0ichloropropene NO ug/kg 100000 

~~ Ethyl benzene NO ug/kg 100000 
2-Hexanone NO ug/kg 200000 
Methylene chloride 22000 ug/kg 100000 J 

~I 
4-Methyl-2-pentanone 

(MIBK) NO ug/kg 200000 
Styrene NO ug/kg 100000 
1,1,2,2-Tetrachloroethane NO ug/kg 100000 

I 
Tetrachloroethene NO ug/kg 100000 
Toluene 2200000 ug/kg 100000 
1,1,1-Trichloroethane NO ug/kg 100000 
1,1,2-Trichloroethane NO ug/kg 100000 

I .•. 

I Trichloroethene NO ug/kg 100000 
Vinyl acetate NO ug/kg 200000 
Vinyl chloride NO ug/kg 200000 

I 
Xylenes (total) NO ug/kg 100000 
Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
Isobutanol NO ug/kg 4000000 

l 
NO = Not detected 

(continued on following page) 

I NA ·Not applicable 

Reported By: Cherie Windholz Approved By: Mark Dymerski 

I 
I ~~ 
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Volatile Organics 

Target Compound List (TCL) 
Method 8240 

Client Name: 
Client ID: 
Lab ID: 

Woodward-Clyde Consultants 
WCS-3 (1.5-3.5 feet) 
015127-0001-SA 
SOIL Sampled: 22 MAY 91 
24 MAY 91 Prepared: 29 MAY 91 

Matrix: 
Authorized: 

Surrogate 

Toluene-dB 
4-Bromofluorobenzene 
1,2-0ichloroethane-d4 

Recovery 

NO 
NO 
NO 

% 
% 
% 

Received: 24 HAY 91 
Analyzed: 01 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO • Not detected 
NA • Not applicable 

Reported By: Cherie Windholz Approved By: Mark Dymerski 

A Comm~ Compan y 
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Volatile Organics A Comm~ C0mpdny 

I Target Com~ound List (TCL) 
Met od 8240 

J 
Client Name: Woodward-Clyde Consultants 
Client 10: WCS-4 (8-10 feet) 
Lab 10: 015127-0002-SA 
Matrix: SOIL Sampled: 22 MAY 91 Received: 24 MAY 91 

'I Authorized: 24 MAY 91 Prepared: 29 MAY 91 Analyzed: 02 JUN 91 

Wet wt. Reporting 

~~ 
Parameter Result Units Limit 

Acetone 2400 ug/kg 2000 
Benzene NO ug/kg 1000 

;a Bromodichloromethane NO ug/kg 1000 
Bromoform NO ug/kg 1000 
Bromomethane NO ug/kg 2000 
2-Butanone fMEK) NO ug/kg 2000 

I Carbon disu fide NO ug/kg 1000 
Carbon tetrachloride NO ug/kg 1000 
Chlorobenzene NO ug/kg 1000 

ra. 
Chloroethane NO ug/kg 2000 
Chloroform NO ug/kg 1000 
Chloromethane NO ug/kg 2000 
Oibromochloromethane NO ug/kg 1000 

f , 1,1-0ichloroethane NO ug/kg 1000 

il 1,2-0ichloroethane NO ug/kg 1000 
1,1-0ichloroethene NO ug/kg 1000 
1,2-0ichloroethene 

I ~total) NO ug/kg 1000 
· 1,2- ichlorofropane NO. ug/kg 1000 
cis-1,3-0ich oropropene NO- ug/kg 1000 

;a trans-1,3-0ichloropropene NO ug/kg 1000 
Ethyl benzene NO ug/kg 1000 
2-Hexanone NO ug/kg 2000 
Methylene chloride ' 460 ug/kg 1000 J 

:., 4-Methyl-2-pentanone 
(HIBK) NO ug/kg 2000 

L Styrene NO ug/kg 1000 
1,1,2,2-Tetrachloroethane NO ug/kg 1000 

I Tetrachloroethene NO ug/kg 1000 
Toluene 9500 ug/kg 1000 
1,1,1-Trichloroethane NO ug/kg 1000 

~, 
1,1,2-Trichloroethane NO ug/kg 1000 
Trichloroethene NO ug/kg 1000 
Vinyl acetate NO ug/kg 2000 
Vinyl chloride NO ug/kg 2000 

I 
Xylenes (total) NO ug/kg 1000 
Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
Isobutanol NO ug/kg 40000 

• 
I NO = Not detected 

(continued on following page) 

NA • Not applicable 

I 
Reported By: Cesar Rojas Approved By: Hark Oymerski 

1: ;~ ~.~ 
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Volatile Organics 
Target Compound List (TCL) 

Method 8240 

Client Name: 
Client ID: 
Lab ID: 

Woodward-Clyde Consultants 
WCS-4 (8-10 feet) 
015127-0002-SA 

Matrix: 
Authorized: 

SOIL Sampled: 22 MAY 91 
24 MAY 91 Prepared: 29 MAY 91 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

106 
102 
104 

% 
% 
% 

Received: 24 MAY 91 
Analyzed: 02 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO • Not detected 
NA • Not applicable 

Reported By: Cesar Rojas Approved By: Mark Dymerski 

· Enseco 
A Comm~ Comp<my 
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Quality Control Results 

The Enseco laboratories operate under a vigorous QA/QC program ·designed to · 
ensure the generation of scientifically valid, legally defensible data by 
monitoring every aspect of laboratory operations. Routine QA/QC procedures 
include the use of approved methodologies, independent verification of 
analytical standards, use of duplicate Laboratory Control Samples to assess 
the precision and accuracy of the methodology on a routine basis, and a 
rigorous system of data review. 

In addition, the Enseco laboratories maintain a comprehensive set of 
certifications from both state and federal governmental agencies which require 
frequent analyses of blind audit samples. Enseco - Rocky Mountain Analytical 
Laboratory is certified by the EPA under the EPA/CLP program for both Organic 
and Inorganic analyses, under the USATHAMA (U.S. Army) program, by the Army 
Corps of Engineers, and the states of Colorado, New Jersey, New York, Utah, 
and Florida, among others. 

The standard laboratory QC package is designed to: 

1) establish a strong, cost-effective QC program that ensures the 
generation of scientifically valid, legally defensible data 

2) assess the laboratory's performance of the analytical method 
using control limits generated with a well-defined matrix 

3) establ~sh clear-cut guidelines for acceptability of analytical 
data so that QC decisions can be made immediately at the bench, 
and 

4) provide a standard set of reportables which assures the client 
of the quality of his data. 
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The Enseco. QC program is based upon monitoring the precision and accuracy 
of an analytical method by analyzing a set of Duplicate Control Samples (DCS) 
at frequent, well-defined intervals. Each DCS is a well-characterized matrix 
which is spiked with target compounds at 5-100 times the reporting limit, 
depending upon the methodology being monitored. The purpose of the DCS is not 
to duplicate the sample matrix, but rather to provide an interference-free, 
homogeneous matrix from which to gather data to establish control limits. 
These limits are used to determine whether data generated by the laboratory on 
any given day is in control. 

Control limits for accuracy (percent recovery) are based on the average, 
historical percent recovery+/- 3 standard deviation units. Control limits 
for precision (relative percent difference) range from 0 (identical duplicate 
DCS results) to the average, historical relative percent difference + 3 
standard deviation units. These control limits are fairly narrow based on the 
consistency of the matrix being monitored and are updated on a quarterly 
basis. 

For each batch of samples analyzed, an additional control measure is taken 
in the form of a Single Control Sample (SCS). The SCS consists of a control 
matrix that is spiked with either representative target compounds or surrogate 
compounds appropriate to the method being used. An SCS is prepared for each 
sample lot for which the DCS pair are not analyzed. 

Accuracy for DCS and SCS is measured by Percent Recovery • 

Measured Concentration 
% Recovery = ------------ X 100 

Actual Concentration 

Precision for DCS is measured by Relative Percent Difference (RPD). 

I Measured Concentration DCS1 - Measured Concentration DCS2 I 
RPD = ---------------------------------------------- X 100 

(Measured Concentration DCS1 + Measured Concentration DCS2)/2 
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All samples analyzed concurrently by the same test are assigned the same 
QC lot number. Projects which contain numerous samples, analyzed over several 
days, may have multiple QC lot numbers associated with each test. The QC 
information which follows includes a listing of the QC lot numbers associated 
with each of the samples reported, DCS and SCS (where applicable) recoveries 
from the QC lots associated with the samples, and control limits for these 
lots. The QC data is reported by test code, in the order that the tests are 
reported in the analytical results section of this report. 



I 
II QC LOT ASSIGNMENT REPORT 

Volatile Organics by GC/MS 

I Laboratory 
Sample Number 

I 015127 -0001-SA 
015127-0002-SA 

.J ,, 
-
.I 
I 
:a 
.I 
·I 
I 
I 
I 
I 

-
I 
I 

QC Matrix 

SOIL 
SOIL 

QC Category 

8240-S 
8240-S 

QC Lot Number 
(DCS} 

13 MAY 91-A 
29 MAY 91-A 

·. Enseco 
A Cormn~ CompJny 

QC Run Number 
( S.CS/BLANK} 

29 MAY 91-A 
29 MAY 91-A 



I 
I DUPLICATE CONTROL SAMPLE REPORT 
. Volatile Organics by GC/MS 

' :a 
Analyte 

Category: 8240-S 
Matrix: SOIL 

[il·- QC Lot: 13 MA~ 91-A 
Concentration Units: ug/kg 

1,1-Dichloroethene rl· Trichloroethene 
Benzene 
Toluene II Chlorobenzene 

I. 
I 
I 

Category: 8240-S 
Matrix: SOIL 
QC Lot: 29 MAY 91-A 
Concentration Units: ug/kg 

1,1-Dichloroethene 
Trichloroethene 
Benzene 
Toluene 
Chlorobenzene 

Concentration 
Spiked Measured 

DCS1 DCS2 AVG 

5000 
5000 
5000 
5000 
5000 

5000 
5000 
5000 
5000 
5000 

4500 
5340 
5750 
6030 
5870 

3780 
4580 
4540 
4960 
4680 

4120 
5170 
5750 
5900 
5810 

3460 
4570 
4790 
5140 
4920 

4310 
5260 
5750 
5960 
5840 

3620 
4580 
4660 
5050 
4800 

- -~ Enseco 
A Comin~ Comp• ny 

Accuracy Precision 
Average(%) (RPD) 

DCS Limits DCS Limit 

86 
105 
115 
119 
117 

72 
92 
93 

101 
96 

59-172 
62-137 
66-142 
59-139 
60-133 

59-172 
62-137 
66-142 
59-139 
60-133 

8.8 
3.2 
0.0 
2.2 
1.0 

8.8 
0.2 
5.4 
3.6 
5.0 

22 
24 
21 
21 
21 

22 
24 
21 
21 
21 

I Calculations are performed before rounding to avoid round-off errors in calculated results. 

I 
I 
I 
I 
l 
l 
I 

-· ~ ~ 



I 
I SINGLE CONTROL SAMPLE REPORT 

1 Volatile Organics by GC/MS 

fJ Analyte 

!I 
ll 
I 
I 
I 

Cate~ory: B240-S 
Matr1x: SOIL 
QC Lot: 13 MAY 91-A 
Concentration Units: 

1,2-Dichloroethane-d4 
4-Bromofluorobenzene 
Toluene-dB 

Cate~ory: B240-S 
Matr1X: SOIL 
QC Lot: 29 MAY 91-A 
Concentration Units: 

1,2-Dichloroethane-d4 
4-Bromofluorobenzene 
Toluene-dB 

QC Run: 
ug/kg 

QC Run: 
ug/kg 

Concentration 
Spiked Measured 

29 MAY 91-A 

5000 
5000 
5000 

29 MAY 91-A 

5000 
5000 
5000 

5930 
5510 
5B30 

5930 
5510 
5B30 

Accuracy(%) 
SCS Limits 

119 
110 
117 

119 
110 
117 

70-121 
74-121 
B1-117 

70-121 
74-121 
B1-117 

- Enseco 
A Cummg C0mp.m~· 

~ Calculations are performed before rounding to avoid round-off errors in calculated results. 

I 
I 
I 
I 
I 
I 
I 
I 
I 



I ~ .. Enseco 
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I METHOD BLANK REPORT 
Volatile Organics by GC/MS 

:a Analyte Result Units 
Re~orting 

imit 

ll Test: 8240CPM-TCL-S 
Matrix: SOIL 
QC Lot: 13 MAY 91-A QC Run: 29 MAY 91-A 

11 Acetone NO ug/kg 1000 
Benzene NO ug/kg 500 

;I 
Bromodichloromethane NO ug/kg 500 
Bromoform NO ug/kg 500 
Bromomethane NO ugjkg 1000 
2-Butanone ~MEK) NO ug/kg 1000 

I 
Carbon disu fide NO ug/kg 500 
Carbon tetrachloride NO ug/kg 500 
Chlorobenzene NO ug/kg 500 
Chloroethane NO ug/kg 1000 

~I 
Chloroform NO ug/kg 500 
Chloromethane NO ug/kg 1000 
Dibromochloromethane NO ug/kg 500 

I 
1,1-Dichloroethane NO ug/kg 500 
1,2-Dichloroethane NO ug/kg 500 
1,1-Dichloroethene NO ug/kg 500 
1,2-Dichloroethene 

I ~total~ NO . ug/kg 500 
1, -Dich oro~ropane NO ug/kg 500 
cis-1,3-Dich oropropene NO ug/kg 500 
trans-1,3-Dichloropropene NO ug/kg 500 

.t Ethyl benzene NO ug/kg 500 
2-Hexanone NO ug/kg 1000 
Methylene chloride NO ug/kg 500 
4-Methyl-2-pentanone 

;I (MIBK) NO ug/kg 1000 
Styrene NO ugjkg 500 
1,1,2,2-Tetrachloroethane NO ug/kg 500 

I 
Tetrachloroethene NO ug/kg 500 
Toluene NO ug/kg 500 
1,1,1-Trichloroethane NO ug/kg 500 
1,1,2-Trichloroethane NO ug/kg 500 

I Trichloroethene NO ug/kg 500 
Vinyl acetate NO ug/kg 1000 
Vinyl chloride NO ug/kg 1000 

I 
Xylenes (total) NO ug/kg 500 
Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
Isobutanol NO ug/kg 20000 

I 
I 
I 
I -. ll ~I 



I ·::;_ Enseco 
A Comm): CompJnv 

ll METHOD BLANK REPORT 
Volatile Organics by GC/MS (cont.) 

fl Analyte Result Units 
Rerorting 

imit 

ll Test: 8240CPM-TCL-S 
Matrix: SOIL 
QC Lot: 29 MAY 91-A QC Run: 29 MAY 91-A 

fl Acetone NO ug/kg 1000 
Benzene NO ug/kg 500 

I 
Bromodichloromethane NO ug/kg 500 
Bromoform NO ug/kg 500 
Bromomethane NO ug/kg 1000 
2-Butanone ~MEK) NO ug/kg 1000 

I 
Carbon disu fide NO ug/kg 500 
Carbon tetrachloride NO ug/kg 500 
Chlorobenzene NO ug/kg 500 
Chloroethane NO ug/kg 1000 

r Chloroform NO ug/kg 500 tl Chloromethane NO ug/kg 1000 
Dibromochloromethane NO ug/kg 500 

ll 
1,1-Dichloroethane NO ug/kg 500 
1,2-Dichloroethane NO ug/kg 500 
1,1-Dichloroethene NO ug/kg 500 
1,2-Dichloroethene 

\I ~total~ NO . ug/kg 500 
1, -Dich oro~ropane NO ug/kg 500 
cis -1,3-Dich oropropene NO ug/kg 500 
trans-1,3-Dichloropropene NO ug/kg 500 

•• Ethyl benzene NO ug/kg 500 
2-Hexanone NO ug/kg 1000 
Methylene chloride NO ug/kg 500 

;I 
4-Methyl-2-pentanone 

(MIBK) NO ug/kg 1000 
Styrene . NO ug/kg 500 
1,1,2,2-Tetrachloroethane NO ug/kg 500 

ll 
Tetrachloroethene NO ug/kg 500 
Toluene NO ug/kg 500 
1,1,1-Trichloroethane NO ug/kg 500 
1,1,2-Trichloroethane NO ug/kg 500 

I Trichloroethene NO ug/kg 500 
Vinyl acetate NO ug/kg 1000 
Vinyl chloride NO ug/kg 1000 

I 
Xylenes (total) NO ug/kg 500 
Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
Isobutanol NO ug/kg 20000 

I 
I 
I 
I 

;~ 
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I CHAIN OF CUSTODY RECORD 
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Enseco 
A CORNING Company 

June 12, 1991 

Mr. David Dods 
Woodward-Clyde Consultants 
5055 Antioch Road 
Overland Park, KS 66203 

Dear Mr. Dods: 

Rocky Mouncain 
Analytical Laboracory 

Enclosed is the report for five samples received at Enseco-Rocky Mountain 
Analytical Laboratory on May 25, 1991. 

Included with . the report is a quality control summary. 

Please call if you have any questionsi, 

Sincerely, 

rt~,. · 
ulie Ess y 

Program dministrator 

JE/SD/dmh 
Enclosures 

RMAL #015140 

Enseco Incorporated 
4955 Yarrow Street 
Arvada, Colorado 80002 
303/421-6611 Fax: 303/431-7171 

Reviewed by: 

~-£lz//;; _ 
Sue Dalla 
Manager 
Program Administration 
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Reviewed by: 

I 
I 
I 

ANALYTICAL RESULTS 

FOR 

WOODWARD-CLYDE CONSULTANTS 

ENSECO-RMAL NO. 015140 

JUNE 12, 1991 

y 

I L£.< ,tPa;_~a.~ 
Sue Dalla 

Enseco Incorporated 
4955 Yarrow Street 
Arvada, Colditado 80002 
303/421 -661{ Fax: 303/431 -7171 

Rocky Mountain 
Analytical Laboratory 

·'·' 

' Enseco 
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-~ , Enseco ,_, 

Introduction 

This report presents the analytical results as well as supporting 
information to aid in the evaluation and interpretation of the data and is 
arranged in the following order: 

o Sample Description Information 
o Analytical Test Requests 
o Analytical Results 
o Quality Control Report 

A Coming Comp•n v 

Pursuant to instructions from Woodward-Clyde Consultants on May 29, 1991, 
sample 015140-0005 was canceled for volatiles analysis and reassigned for 
Total Organic Carbon (TOC) testing instead; this analysis has been given a new 
project number. 

"J" values have been reported for the volatiles; semivolatiles, and metals 
analyses. A "J" value indicates an estimated value. For Methods B240 and 
B270 a "J" value is where the mass spectra data indicate the presence of a 
compound which meets identification criteria; however, the result is less than 
the reporting limit but greater than the instrument detection limit (IDL). 

All analyses at Enseco are performed so that the maximum concentration of 
sample consistent with the method is analyzed. Dilutions are at times 
required to avoid saturation of the detector, to achieve linearity for a 
specific target compound or to reduce matrix interferences. In this event, 
reporting limits are adjusted proportionately. Surrogate compounds may not be 
measurable in sample? which have been diluted. 

Samples 015140-0001 and -0003 by Method B240 were prepared as medium level 
soils based on the screening data. Both samples were further diluted due to 
elevated concentrations of target compounds. 

Sample 015140-0002 by Method B240 resulted in a ,high surrogate recovery 
for toluene-dB. The sample was reanalyzed confirming the original results, 
indicating matrix effect. Target compounds like toluene-dB may also be biased 
high. 
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1 Enseco 
A Comong Comp•ny 

Sample Description Information 

The Sample Description Information lists all of the samples received in 
this project together with the internal laboratory identification number 
assigned for each sample. Each project received at Enseco - RMAL is assigned 
a unique six digit number. Samples within the project are numbered 
sequentially. The laboratory identification number is a combination of the 
six digit project code and the sample sequence number • 

Also given in the Sample Description Information is the Sample Type 
(matrix), Date of Sampling (if known) and Date of Receipt at the laboratory. 

Analytical Test Requests 

The Analytical Test Requests lists the analyses. that were performed on 
each sample. The Custom Test column indicates where tests have been modified 
to conform to the specific requirements of this project. 
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Lab ID 

015140-0001-SA 
015140-0002-SA 
015140-0003-SA 
015140-0004-SA 
015140-0005-SA 

Client ID 

WCS-8 (8-10') 
WCS-7 (1-3') 
MW- 9 (I 5-17 I ) 

WCS-9 (8-10') 
MW-12 (35-37') 

SAMPLE DESCRIPTION INFORMATION 
for 

Woodward-Clyde Consultants 

Matrix 
Sampled 

Date Time 

SOIL 23 MAY 91 
SOIL 23 MAY 91 
SOIL 23 MAY 91 
SOIL 24 MAY 91 
SOIL 24 MAY 91 

A Coming Company 

Received 
Date 

25 MAY 91 
25 MAY 91 
25 MAY 91 
25 MAY 91 
25 MAY 91 
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Lab ID: 
015140 

0001 - 0004 

Group 

ANALYTICAL TEST REQUESTS 
for 

Woodward-Clyde Consultants 

Code Analysis nescription 

A Volatile Organics 
Target Compound List (TCL} 

GC Screen For Low Level Soils 
Volatile Organics 

Target Compound List fTCL} 
VOA Screen for Medium Leve Soils 

:~: Enseco 
A Com ing Com pony 

Custom 
Test? 

y 
y 
N 
y 
y 
N 
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· Enseco 
A Com ing Company 

Analytical Results 

The analytical results for this project are presented in the following 
data tables. Each data table includes sample identification information, and 
when available and appropriate, dates sampled, received, authorized, prepared 
and analyzed. The authorization data is the date when the project was defined 
by the client such that laboratory work could begin • 

Data sheets contain a listing of the parameters measured in each test, the 
analytical results and the Enseco reporting limit. Reporting limits are 
adjusted to reflect dilution of the sample, when appropriate. Solid and waste 
samples are reported on an "as received" basis, i.e. no correction is made for 
moisture content. 

Enseco-RMAL is no longer routinely blank-correcting analytical data. 
Uncorrected analytical results are reported, along with associated blank 
results, for all organic and metals analyses. Analytical results and blank 
results are reported for conventional inorganic parameters as specified in the 
method. This policy is described in detail in the Enseco Incorporated Quality 
Assurance Program Plan for -Environmental Chemical Monitoring, Revision 3.3, 
May, 1989. 

The results from the Standard Enseco QA/QC Program, which generates data 
which are independent of matrix effects, is provided subsequently. 



I ·~. Enseco 
Volatile Organics A Coming Comp•ny 

II Target Com~ound List (TCL) 
Met od 8240 

fl 
Client Name: Wood~ard-Clyde Consultants 
Client 10: WCS-8 (8-10') 
Lab 10: 015140-0001-SA 
Matrix: SOIL Sampled: 23 MAY 91 Received: 25 MAY 91 

!I Authorized: 25 MAY 91 "', Prepared: 28 MAY 91 Analyzed: 03 JUN 91 

Wet wt. Reporting 
Parameter Result Units Limit 

ra Acetone 5300 ug/kg 6700 J 
Benzene NO ug/kg 3400 

tl 
Bromodichloromethane NO ug/kg 3400 
Bromoform NO ug/kg 3400 
Bromomethane NO ug/kg 6700 
2-Butanone ~MEK) NO ug/kg 6700 . 

I Carbon disu fide NO ug/kg 3400 
Carbon tetrachloride NO ug/kg 3400 
Chlorobenzene NO ug/kg 3400 
Chloroethane NO ug/kg 6700 

~ -, Chloroform NO ug/kg 3400 ll Chloromethane NO ug/kg 6700 
Oibromochloromethane NO ug/kg 3400 

I , 1,1-0ichloroethane NO ug/kg 3400 

!I 1,2-Dichloroethane NO ug/kg 3400 
1,1-0ichloroethene NO ug/kg 3400 
1,2-0ichloroethene 

fl btotal) NO ug/kg 3400 
1,2- ichlorofropane NO ug/kg 3400 
cis-1,3-0ich oropropene ND ug/kg 3400 
trans-1,3-0ichloropropene NO ugjkg 3400 

:I Ethyl benzene NO ug/kg 3400 
2-Hexanone NO ug/kg 6700 
Methylene chloride -1100 ug/kg 3400 J 

;.1 
4-Methyl-2-pentanone 

ug/kg (MIBK) NO 6700 
Styrene NO l!g/kg 3400 
1,1,2,2-Tetrachloroethane NO ug/kg 3400 

I . Tetrachloroethene NO ug/kg 3400 
ll Toluene 58000 ug/kg 3400 

1,1,1-Trichloroethane NO ug/kg 3400 
1,1,2-Trichloroethane NO ug/kg 3400 II Trichloroethene NO ug/kg 3400 
Vinyl acetate NO ug/kg 6700 
Vinyl chloride NO ug/kg 6700 
Xylenes (total) NO ug/kg 3400 

I Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
lsobutanol NO ug/kg 130000 

I . 

II 
(continued on following page) · 

I NO = Not detected 
NA • Not applicable 

I 
Reported By: Cesar Rojas Approved By: Mark Oymerski 

I ;r 
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··: Enseco 
Volatile Organics 

Target Compound List (TCL) 
Method 8240 

Client Name: 
Client 10: 

Woodward-Clyde Consultants 
WCS-8 (8-10') 

Lab 10: 015140-0001-SA 
Matrix: 
Authorized: 

SOIL Sampled: 23 MAY 91 
25 MAY 91 Prepared: 28 MAY 91 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-0ichloroethane-d4 

111 
106 
112 

% 
% 
% 

Received: 25 MAY 91 
Analyzed: 03 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO • Not detected 
NA • Not applicable 

Reported By: Cesar Rojas Approved By: Mark Oymerski 

A Coming Company 



I -~ Enseco 
Volatile Organics A Coming Companv 

I Target Com~ound List {TCL) 
Met od 8240 

.t 
Client Name: Woodward~Clyde Consultants 
Client ID: WCS-7 {1-3') 
Lab ID: 015140-0002-SA 
Matrix: SOIL Sampled: 23 MAY 91 Received: 25 MAY 91 

·a Authorized: 25 MAY 91 Prepared: 28 MAY 91 Analyzed: 03 JUN 91 

Wet wt. Reporting 
Parameter Result Units Limit 

;I Acetone 240 ug/kg 10 
Benzene 4.5 ug/kg 5.0 J 

:I 
Bromodichloromethane NO ug/kg 5.0 
Bromoform NO ug/kg 5.0 
Bromomethane NO ug/kg 10 
2-Butanone ~MEK) 36 ·ug/kg 10 . 

I 
Carbon disu fide 2.0 ug/kg 5.0 J 
Carbon tetrachloride NO ugjkg 5.0 

I 
Chlorobenzene NO ug/kg 5.0 
Chloroethane NO ug/kg 10 

I !I Chloroform NO ug/kg 5.0 
Chloromethane NO ug/kg 10 

i Oibromochloromethane NO ug/kg 5.0 
' 1,1-0ichloroethane 12 ug/kg 5.0 

~ , 1,2-0ichloroethane NO ug/kg 5.0 tl 1,1-0ichloroethene 1.5 ug/kg 5.0 J 
1,2-0ichloroethene 

\I ~total) NO ug/kg 5.0 
1,2- ichloro~ropane NO ug/kg 5.0 
cis-1,3-0ich oropropene NO ug/kg 5.0 
trans-1,3-0ichloropropene NO ug/kg 5.0 

;I Ethyl benzene 15 ug/kg 5.0 
2-Hexanone NO ug/kg 10 
Methylene chloride 32 ug/kg 5.0 

' 
4-Methyl-2-pentanone 

:I {MIBK) NO ug/kg 10 
Styrene NO ug/kg 5.0 
1,1,2,2-Tetrachloroethane NO ug/kg 5.0 

ll 
Tetrachloroethene NO ug/kg 5.0 
Toluene 72 ug/kg 5.0 
1,1,1-Trichloroethane NO ug/kg 5.0 
1,1,2-Trichloroethane NO ug/kg 5.0 . . Trichloroethene NO ug/kg 5.0 

I Vinyl acetate NO ug/kg 10 
Vinyl chloride NO ug/kg 10 
Xylenes {total) 190 ug/kg 5.0 

I Hexane 2.6 ug/kg J 
n-Butyl alcohol NO ugjkg 
lsobutanol NO ug/kg 200 

- NO = Not detected 
{continued on following page) 

I NA • Not applicable 

Reported By: Keith Beauvais Approved By: Mark Oymerski 

I 
I ~ ~! 
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•-~-~ Enseco 
·• A Coming Company Volatile Organics 

Target Compound List (TCL) 
Method 8240 

Woodward-Clyde Consultants 
WCS-7 (1-3') 

Client Name: 
Client 10: 
Lab 10: 015140-0002-SA 
Matrix: SOIL Sampled: 23 MAY 91 
Authorized: 25 MAY 91 Prepared: 28 MAY 91 

Surrogate 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

Recovery 

134 
74 
99 

% 
% 
% 

Received: 25 MAY 91 
Analyzed: 03 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA =Not applicable 

Reported By: Keith Beauvais Approved By: Mark Dymerski 



I ··· Enseco 
Volatile Organics A Coming Cump• ny 

I Target Com~ound List (TCL) 
Met od 8240 

1 
Client Name: Woodward-Clyde Consultants 
Client ID: MW- 9 (15 -1 7 ' ) 
Lab ID: 015140-0003-SA 
Matrix: SOIL Sampled: 23 MAY 91 Received: 25 MAY 91 

:I 
Authorized: 25 MAY 91 Prepared: 28 MAY 91 Analyzed: 03 JUN 91 

Wet wt. Reporting 
Parameter Result Units Limit 

;I Acetone 4000 ug/kg 5000 J 
Benzene NO ug/kg 2500 

:I 
Bromodichloromethane NO ug/kg 2500 
Bromoform NO ug/kg 2500 
Bromomethane NO ug/kg 5000 
2-Butanone fMEK) NO ug/kg 5000 

ll Carbon disu fide NO ug/kg 2500 
Carbon tetrachloride NO ug/kg 2500 
Chlorobenzene NO ug/kg 2500 
Chloroethane NO ug/kg 5000 

I Chloroform NO ug/kg 2500 
Chloromethane NO ug/kg 5000 
Dibromochloromethane NO ug/kg 2500 

I 
1,1-Dichloroethane NO ug/kg 2500 
1,2-Dichloroethane NO ug/kg 2500 
1,1-Dichloroethene NO ug/kg 2500 
1,2-Dichloroethene 

I btotal) NO ug/kg 2500 
1,2- ichlorofropane NO ug/kg 2500 
cis-1,3-Dich oropropene NO· ug/kg 2500 
trans-1,3-Dichloropropene NO ug/kg 2500 

I Ethyl benzene NO ug/kg 2500 
2-Hexanone NO ug/kg 5000 
Methylene chloride . 540 ug/kg 2500 J 

~I 
4-Methyl-2-pentanone 

(MIBK) NO ug/kg 5000 
Styrene NO ug/kg 2500 
1,1,2,2-Tetrachloroethane NO ug/kg 2500 

I Tetrachloroethene NO ug/kg 2500 
Toluene 13000 ug/kg 2500 
1,1,1-Trichloroethane NO ug/kg 2500 
1,1,2-Trichloroethane NO ug/kg 2500 .I Trichloroethene NO ug/kg 2500 
Vinyl acetate NO ug/kg 5000 
Vinyl chloride NO ug/kg 5000 
Xylenes (total} NO ug/kg 2500 

I Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
Isobutanol NO ug/kg 100000 

I 
(continued on following page} 

I NO = Not detected 
NA = Not applicable 

I 
Reported By: Deneen Spence Approved By: Mark Dymerski 

I " 



-~ Enseco 
Volatile Organics 

Target Compound List (TCL) 
Method 8240 

Client Name: 
Client 10: 

Woodward-Clyde Consultants 
MW-9 (15-17') 

Lab 10: 015140-0003-SA 
Matrix: 
Authorized: 

SOIL Sampled: 23 MAY 91 
25 MAY 91 Prepared: 28 MAY 91 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

112 
111 
106 

% 
% 
% 

Received: 25 MAY 91 
Analyzed: 03 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

ND = Not detected 
NA =Not applicable 

Reported By: Deneen Spence Approved By: Mark Dymerski 

A Com ing Comp•ny 
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Volatile Organics 
Target Compound List (TCL) 

Method 8240 

Client Name.: Woodward-Clyde Consultants 
Client 10: WCS-9 (8-10') 
Lab 10: 015140-0004-SA 
Matrix: SOIL Sampled: 24 MAY 91 
Authorized: 25 MAY 91 Prepared: 28 MAY 91 

Parameter 

Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-Butanone fMEK) 
Carbon disu fide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Oibromochloromethane 
1,1-0ichloroethane 
1,2-0ichloroethane 
1,1-0ichloroethene 
1,2-0ichloroethene 

(total) 
1,2-0ichloropropane 
cis-1,3-0ichloropropene 
trans-1,3-0ichloropropene 
Ethyl benzene 
2-Hexanone 
Methylene chloride 
4-Methyl-2-pentanone 

(MIBK) 
Styrene 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl acetate 
Vinyl chloride 
Xylenes (total) 
Hexane 
n-Butyl alcohol 
Isobutanol 

Result 

22 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO· 
NO 
NO 
NO 
1.9 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

Wet wt. 
Units 

ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 

ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 

ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 

(continued on following page) 
NO = Not detected 
NA • Not applicable 

-~; Enseco 
... A Coming Companv 

Received: 25 MAY 91 
Analyzed: 03 JUN 91 

Reporting 
Limit 

10 
5.0 
5.0 
5.0 

10 
10 . 
5.0 
5.0 
5.0 

10 
5.0 

10 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

10 
5.0 J 

10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

10 
10 
5.0 

200 

Reported By: Keith Beauvais Approved By: Mark Oymerski 
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· A Comtng Cumponv 

;~ 

Volatile Organics 
Target Compound List (TCL) 

Method 8240 

Client Name: 
Client 10: 

Woodward-Clyde Consultants 
WCS-9 {8-10') 

Lab 10: 015140-0004-SA 
Matrix: SOIL Sampled: 24 MAY 91 
Authorized: 25 MAY 91 Prepared: 28 MAY 91 

Surrogate 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

Recovery 

100 
97 
98 

% 
% 
% 

Received: 25 MAY 91 
An~lyzed: 03 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO • Not detected 
NA • Not applicable 

Reported By: Keith Beauvais Approved By: Mark Dymerski 
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A Commg Componv 

Quality Control Results 

The Enseco laboratories operate under a vigorous QA/QC program -designed to 
ensure the generation of scientifically valid, legally defensible data by 
monitoring every aspect of laboratory operations. Routine QA/QC procedures 
include the use of approved methodologies, independent verification of 
analytical standards, use of duplicate Laboratory Control Samples to assess 
the precision and accuracy of the methodology on a routine basis, and a 
rigorous system of data review. 

In addition, the Enseco laboratories maintain a comprehensive set of 
certifications from both state and federal governmental agencies which require 
frequent analyses of blind audit samples. Enseco- Rocky Mountain Analytical 
Laboratory is certified by the EPA under the EPA/CLP program for both Organic 
and Inorganic analyses, under the USATHAMA (U.S. Army) program, by the Army 
Corps of Engineers, and the states of Colorado, New Jersey, New York, Utah, 
and Florida, among others. 

The standard laboratory QC package is designed to: 

1) establish a strong, cost-effective QC program that ensures the 
generation of scientifically valid, legally defensible data 

2) assess the laboratory's performance of the analytical method 
using control limits generated with a well-defined matrix 

3) establish clear-cut guidelines for acceptability of analytical 
data so that QC decisions can be made immediately at the bench, 
and 

4) provide a standard set of reportables which assures the client 
of the quality of his data . 
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-~ Enseco 
A Com ing Comp.my 

The Enseco QC program is based upon monitoring the precision and accuracy 
of an analytical method by analyzing a set of Duplicate Control Samples (DCS) 
at frequent, well-defined intervals. Each DCS is a well-characterized matrix 
which is spiked with target compounds at 5-100 times the reporting limit, 
depending upon the methodology being monitored. The purpose of the DCS is not 
to duplicate the sample matrix, but rather to provide an interference-free, 
homogeneous matrix from which to gather data to establish control limits. 
These limits are used to determine whether data generated by the laboratory on 
any given day is in control. 

Control limits for accuracy (percent recovery) are based on the average, 
historical percent recovery+/- 3 standard deviation units. Control limits 
for precision (relative percent difference) range from 0 (identical duplicate 
DCS results) to the average, historical relative percent difference + 3 

standard deviation units. These control limits are fairly narrow based on the 
consistency of the matrix being monitored and are updated on a quarterly 
basis. 

For each batch of samples analyzed, an additional control measure is taken 
in the form of a Single Control Sample (SCS). The SCS consists of a control 
matrix that is spiked with either representative target compounds or surrogate 
compounds appropriate to the method being used. An SCS is prepared for each 
sample lot for which the DCS pair are not analyzed. 

Accuracy for DCS and scs is measured by Percent Recovery. 

Measured Concentration 
% Recovery = X 100 

Actual Concentration 

Precision for DCS is measured by Relative Percent Difference (RPD). 

RPD = 
I Measured Concentration DCS1 - Measured Concentration DCS2 I 
(Measured Concentration DCS1 + Measured Concentration DCS2)/2 

X 100 
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All samples analyzed concurrently by the same test are assigned the same 
QC lot number. Projects which contain numerous samples, analyzed over several 
days, may have multiple QC lot numbers associated with each test. The QC 
information which follows includes a listing of the QC lot numbers associated 
with each of the samples reported, DCS and SCS {where applicable) recoveries 
from the QC lots associated with the samples, and control limits for these 
lots. The QC data is reported by test code, in the order that the tests are 
reported in the analytical results section of this report. 
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QC LOT ASSIGNMENT REPORT 
Volatile Organics by GC/MS 

Laboratory 
Sample Number QC Matrix 

015140-0001-SA SOIL 
015140-0002-SA SOIL 
015140-0003-SA SOIL 
015140-0004-SA SOIL 

QC Category 

8240-S 
8240-SL 
8240-S 
8240-SL 

:·. Enseco 
A Comin~ Companv 

QC Lot Number QC Run Number 
(DCS) (SCS/BLANK) 

29 MAY 91-A 29 MAY 91-A 
28 MAY 91-L 03 JUN 91-L2 
29 MAY 91-A 29 MAY 91-B 
28 MAY 91-L 03 JUN 91-L2 
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DUPLICATE CONTROL SAMPLE REPORT 
Volatile Organics by GC/MS 

Analyte 

Cate~ory: 8240-S 
Matnx: SOIL 
QC Lot: 29 MAY 91-A 
Concentration Units: ug/kg 

1,1-Dichloroethene 
Trichloroethene 
Benzene 
Toluene 
Chlorobenzene 

Cate~ory: 8240-SL 
Matn x: SOl L 
QC Lot: 28 MAY 91-L 
Concentration Units: ug/Kg 

1,1-Dichloroethene 
Trichloroethene 
Benzene 
Toluene 
Chlorobenzene 

.·. Enseco 
A Cuming Cumr•ny 

Concentration 
Spiked Measured 

. Accuracy Precis i or 

DCS1 DCS2 AVG 
Average(%) · (RPD) 

DCS Limits DCS Limi1 

5000 
5000 
5000 
5000 
5000 

50 
50 
50 
50 
50 

3780 
4580 
4540 
4960 
4680 

47.9 
48.0 
52.3 
54.8 
53.1 

3460 
4570 
4790 
5140 
4920 

46.1 
45.6 
48.7 
.49 .8 
49.0 

3620 
4580 
4660 
5050 
4800 

72 59-172 
92 62-137 
93 66-142 

101 59-139 
96 60-133 

8.8 2£ 
0.2 2" 
5.4 21 
3.6 21 
5.0 21 

47.0 94 59-172 3.8 2i 
46.8 94 62-137 5.1 24 
50,5 101 66-142 7,1 21 I 

52.3 105 59-139 9.6 21 
51.0 102 60-133 8.0 21 

Calculations are performed before rounding to avoid round-off errors in calculated results. 
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SINGLE CONTROL SAMPLE REPORT 
Volatile Organics by GC/MS 

Concentration Accuracy(%) 
Analyte Spiked Measured SCS Limits 

Cate~ory: B240-S 
Matnx: SOIL 
QC Lot: 29 MAY 91-A QC Run: 29 MAY 91-A 
Concentration Units: ug/kg 

1,2-0ichloroethane-d4 5000 5930 119 70-121 
4-Bromofluorobenzene 5000 5510 110 74-121 
Toluene-dB 5000 5B30 117 B1-117 

Cate~ory: B240-SL 
Matr1x: SOIL 
QC Lot: 2B MAY 91-L QC Run: 03 JUN 91-L2 
Concentration Units: ug/Kg 

1,2-0ichloroethane-d4 50.0 4B.B 9B 70-121 
4-Bromofluorobenzene 50.0 4B.B 9B 74-121 
Toluene-dB 50.0 50.4 101 B1-117 

Cate~ory: B240-S 
Matr1x: SOIL 
QC Lot: 29 MAY 91-A QC Run: 29 MAY 91-B 
Concentration Units: ug/kg 

1,2-0ichloroethane-d4 5ooo- 5600 112 70-121 
4-Bromofluorobenzene 5000 5520 110 74-121 
Toluene-dB ' 5000 5BOO 116 B1-117 

Calculations are performed before rounding to avoid round-off errors in calculated results. 

~I 



I ·~ Enseco 
A Coming Company 

I~ 
METHOD BLANK REPORT 
Volatile Organics by GC/MS 

l Analyte Result Units 
Rerorting 

imit 

I Test: 8240CPM-TCL-S 
Matrix: SOIL 
QC Lot: 29 MAY 91-A QC Run: 29 MAY 91-A 

.I Acetone NO ug/kg 1000 
Benzene NO ug/kg 500 

!I 
Bromodichloromethane NO ug/kg 500 
Bromoform NO ug/kg 500 
Bromomethane NO ug/kg 1000 
2-Butanone ~MEK) NO ug/kg 1000 

fl 
Carbon disu fide NO ug/kg 500 
Carbon tetrachloride NO ug/kg 500 
Chlorobenzene NO ug/kg 500 
Chloroethane NO ug/kg 1000 

fl Chloroform NO ug/kg 500 
Chloromethane NO ug/kg 1000 
Dibromochloromethane NO ug/kg 500 

r . 1,1-Dichloroethane NO ug/kg 500 
1,2-Dichloroethane NO ug/kg 500 tl 1,1-Dichloroethene NO ug/kg 500 
1,2-Dichloroethene 

fl (total~ NO ug/kg 500 
1,2-Dich orofropane NO ug/kg 500 
cis-1,3-Dich oropropene NO ug/kg 500 
trans-1,3-Dichloropropene NO ug/kg 500 

[I Ethyl benzene NO ug/kg 500 
2-Hexanone NO ug/kg 1000 
Methylene chloride NO ug/kg 500 

ll 
4-Methyl-2-pentanone 

(MIBK) NO ug/kg 1000 
Styrene NO ug/kg 500 
1,1,2,2-Tetrachloroethane NO ug/kg 500 

I 
Tetrachloroethene NO ug/kg 500 
Toluene NO ug/kg 500 
1,1,1-Trichloroethane NO ug/kg 500 
1,1,2-Trichloroethane NO ug/kg 500 

I. Trichloroethene NO ug/kg 500 
Vinyl acetate NO ug/kg 1000 
Vinyl chloride NO ug/kg 1000 
Xylenes (total) NO ug/kg 500 

:I Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
Isobutanol NO ug/kg 20000 

-· 
I 
,I 
I " ~~ 
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I METHOD BLANK REPORT 
Volatile Organics by GC/MS (cont.) 

~- Analyte Result Units 
Re~orting 

imit 

.I Test: 8240CPL-TCL-S 
Matrix: SOIL 
QC Lot: 28 MAY 91-L QC Run: 03 JUN 91-L2 

I Acetone 6.8 ug/kg 10 J 
Benzene NO ug/kg 5.0 

fl 
Bromodichloromethane NO ug/kg 5.0 
Bromoform NO ug/kg 5.0 
Bromomethane NO ug/kg 10 
2-Butanone (MEK) NO ug/kg 10 

I· Carbon disulfide NO ug/kg 5.0 
Carbon tetrachloride NO ug/kg 5.0 
Chlorobenzene NO ug/kg 5.0 
Chloroethane NO ug/kg 10 

I Chloroform NO ug/kg 5.0 
Chloromethane NO ug/kg 10 
Dibromochloromethane NO ug/kg 5.0 

r. 1,1-Dichloroethane NO ug/kg 5.0 
1,2-0ichloroethane NO ug/kg 5.0 II 1,1-0ichloroethene NO ug/kg 5.0 
1,2-0ichloroethene 

ra 
(total~ NO ug/kg 5.0 

1,2-0ich oro~ropane NO ug/kg 5.0 
cis-1,3-0ich oropropene NO ug/kg 5.0 
trans-1,3-Dichloropropene ND ug/kg 5.0 

:I 
Ethyl benzene ND ug/kg 5.0 
2-Hexanone ND ug/kg 10 
Methylene chloride ND ug/kg 5.0 

ll 
4-Methyl-2-pentanone 

(MIBK) ND ug/kg 10 
Styrene ND ug/kg 5.0 
1,1,2,2-Tetrachloroethane ND ug/kg 5.0 

!I 
Tetrachloroethene NO ug/kg 5.0 
Toluene NO ug/kg 5.0 
1,1,1-Trichloroethane NO ug/kg 5.0 
1,1,2-Trichloroethane ND ug/kg 5.0 

~I 
Trichloroethene ND ug/kg 5.0 
Vinyl acetate NO ug/kg 10 
Vinyl chloride ND ug/kg 10 
Xylenes (total) ND ug/kg 5.0 

I Hexane ND ug/kg 
n-Butyl alcohol ND ug/kg 
lsobutanol ND ugjkg 200 

I 
I 
I 
I ~ ~I 
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I METHOD BLANK REPORT 
Volatile Organics by GC/MS (cont.) 

1 Analyte Result Units 
Re~orting 

imit ,, Test: 8240CPM-TCL-S 
Matrix: SOIL 
QC Lot: 29 MAY 91-A QC Run: 29 MAY 91-B 

:a Acetone NO ug/kg 1000 
Benzene NO ug/kg 500 
Bromodichloromethane NO ug/kg 500 

:I Bromoform NO ug/kg 500 
Bromomethane NO ug/kg 1000 
2-Butanone (MEK) NO ug/kg 1000 

I 
Carbon disulfide NO ug/kg 500 
Carbon tetrachloride NO ug/kg 500 
Chlorobenzene NO ug/kg 500 
Chloroethane NO ug/kg 1000 

I Chloroform NO ug/kg 500 
\ Chloromethane NO ug/kg 1000 < 

Dibromochloromethane NO ug/kg 500 
1,1-Dichloroethane NO ug/kg 500 

I 1,2-Dichloroethane NO ug/kg 500 
1,1-Dichloroethene NO ug/kg 500 
1,2-Dichloroethene 

I 
(total{ NO ug/kg 500 

1,2-Dich oro~ropane NO ug/kg 500 
cis-1,3-Dich oropropene NO ug/kg 500 
trans-1,3-Dichloropropene NO ug/kg 500 

'I Ethyl benzene NO ug/kg 500 
2-Hexanone NO ug/kg 1000 
Methylene chloride 141 ug/kg 500 J 

:1 
4-Methyl-2-pentanone 

(MIBK) NO ug/kg 1000 
Styrene NO ug/kg 500 
1,1,2,2-Tetrachloroethane NO ug/kg 500 

I 
Tetrachloroethene NO ug/kg 500 
Toluene NO ug/kg 500 
1,1,1-Trichloroethane NO ug/kg 500 
1,1,2-Trichloroethane NO ug/kg 500 

I 
Trichloroethene NO ug/kg 500 
Vinyl acetate NO ug/kg 1000 
Vinyl chloride NO ug/kg 1000 
Xylenes (total) NO ug/kg 500 

I Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
lsobutanol NO ug/kg 20000 

I 
I 
I 
I ?! 



I 
I 
:1 
;I 
:I 
~I 

ll 
:I 
:I 

:a 
.I 
.I 
~I 
.I 

I 
;I· 

I 
I 
I 
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Enseco 
A CORNING Company 

June 13, 1991 

Mr. David Dods 
Woodward-Clyde Consultants 
5D55 Antioch Road 
Overland Park, KS 66203 

Dear Mr. Dods: 

Rocky Moumain 
Analycical Laboracory 

Enclosed is the report for three samples received at Enseco-Rocky Mountain 
Analytical Laboratory on May 30, 1991. 

Included with the report is a quality control summary. 

Please call if you have any questions;, 

Sincerely, 
.f ~, --

_, ) 

J~~<~~;; 
Program~~inistrator 

JE/SD/heg 
Enclosures 

RMAL #015168 

Enseco lncorporaced 
·1955 Yarrow Screec 
Arvada, Colorado 80002 
303/421-6611 Fax: 303/431-7171 

Reviewed by: 
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ANALYTICAL RESULTS 

FOR 

WOODWARD-CLYDE CONSULTANTS 

ENSECO-RMAL NO. 015168 

Reviewed by: 

JUNE 13, 1991 

Ju1ij0ssey 

Enseco Incorporated 
~955 Yarrow Street 
Af\·ada. Colorado 80002 
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Introduction 

This report presents the analytical results as well as supporting 
information to· aid in the evaluation and interpretation of the data and is 
arranged in the following order: 

o Sample Description Information 
o Analytical Test Requests 
o Analytical Results 
o Quality Control Report 

Enseco 

"J" values have been reported for the volatiles, semivolatiles and metals 
analyses. A "J" value indicates an estimated value. For Methods 8240 and 
8270 a "J" value is where the mass spectra data indicate the presence of a 
compound which meets identification criteria; however, the result is less than 
the reporting limit but greater than the instrument detection limit (IDL). 
All analyses at Enseco are performed so that the maximum concentration of 
sample consistent with the method is analyzed~ Dilutions are at times 
required to avoid saturation of the detector, to achieve linearity for a 
specific target compound or to reduce matr.1x interferences. In this event, 
reporting limits are adjusted proportionately. Surrogate compounds may not be 
measurable in samples which have been diluted. 

Samples 015168-0001 through -0003 by Method 8240 were prepared as medium 
level soils based on the screening data. These samples were further diluted 
due to elevated concentrations of target compounds. The surrogates for 
samples -0001 and -0002 were not recovered and are, therefore, reported as NO 
(not detected). 

Sample Description Information 

The Sample Description Information lists all of the samples received in 
this project together with the internal laboratory identification number 
assigned for each sample. Each project received at _Enseco - RMAL is assigned 
a unique six digit number. Samples within the project are numbered 
sequentially. The laboratory identification number is a combination of the 
six digit project code and the sample sequence number. 
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Also given in the Sample Description Information is the Sample Type 
(matrix); Date of Sampling (if known) and Date of Receipt at the laboratory. 

Analytical Test Requests 

The Analytical Test Requests lists the analyses that were performed on 
each sample. The Custom Test column indicates where tests have been modified 
to conform to the specific requirements of this project. 

.-\ <;omm~ c\)mr.l.n\" 
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Lab ID Client ID 

SAMPLE DESCRIPTION INFORMATION 
for 

Woodward-Clyde Consultants 

Sampled 
Matrix Date Time 

015168-0001-SA WCS-2 ~8-10 Feetl 
015168-0002-SA WCS-5 8-10 Feet 
015168-0003-SA WCS-6 8-10 Feet 

SOIL 
SOIL 
SOIL 

28 MAY 91 
28 MAY 91 
28 MAY 91 

·· Enseco 
.-\ <;:"l1 man~ Cl>ffi~.lnv 

Received 
Date 

30 MAY 91 
30 MAY 91 
30 MAY 91 
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Lab ID: 
015168 

0001 - 0003 

Group 

ANALYTICAL TEST REQUESTS 
for 

Woodward-Clyde Consultants 

Code Analysis Description 

A Volatile Organics 
Target Compound List (TCL) 

GC Screen For Low Level Soils 
Volatile Organics 

Target Compound List fTCL) 
VOA Screen for Medium Leve Soils 

Enseco 
. .\, <;ornm~ cl~mr .. m~· 

Custom 
Test? 

y 
y 
N 
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Analytical Results 

The analytical results for this project are presented in the following 
i;lata tables. Each data table includes sample identification information, and 
when available and appropriate, dates sampled, received, authorized, prepared 
and analyzed. The authorization data is the date when the project was defined 
by the client such that laboratory work could begin. 

Data sheets contain a listing of the parameters measured in each test, the 
analytical results and the Enseco reporting limit. Reporting limits are 
adjusted to reflect dilution of the sample, when appropriate. Solid and waste 
samples are reported on an "as received" basis, i.e. no correction is made for 
moisture content. 

Enseco-RMAL is no longer routinely blank-correcting analytical data. 
Uncorrected analytical results are reported, along with associated blank 
results, for all organic and metals analyses. Analytical results and blank 
results are reported for conventional inorganic parameters as specified in the 
method. This policy is described in detail in the Enseco Incorporated Quality 
Assurance Program Plan for Environmental Chemical Monitoring, Revision 3.3, 
May, 1989. 

The results from the Standard Enseco QA/QC Program, which generates data 
which are independent of matrix effects, is provided subsequently. 
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I Target Com~ound List (TCL) 
Met od 8240 

1 
Client Name: Woodward-Clyde Consultants 
Client 10: WCS~2 (8-10 Feet) 
Lab 10: 015168-0001-SA 
Matrix: SOIL Sampled: 28 MAY 91 Received: 30 MAY 91 

[I Authorized: 30 MAY 91 Prepaned: 03 JUN 91 Analyzed: 07 JUN 91 

Wet wt. Reporting 
Parameter Result Units Limit 

fl Acetone 26000 ug/kg 33000 J 
Benzene NO ug/kg 16000 

II 
Bromodichloromethane NO ug/kg 16000 
Bromoform NO ug/kg 16000 
Bromomethane NO ug/kg 33000 
2-Butanone ~MEK) NO ug/kg 3300G-

I 
Carbon disu fide NO ug/kg 16000 
Carbon tetrachloride NO ug/kg 16000 
Chlorobenzene NO ug/kg 16000 
Chloroethane NO ug/kg 33000 

I Chloroform NO ug/kg 16000 
Chloromethane NO ug/kg 33000 
Oibromochloromethane NO ug/kg 16000 

[I 1,1-0ichloroethane NO ug/kg 16000 
1,2-0ichloroethane NO ug/kg 16000 
1,1-0ichloroethene NO ug/kg 16000 
1,2-0ichloroethene 

I 6total) NO ug/kg 16000 
1,2- ichloro~ropane NO ug/kg 16000 
cis-1,3-0ich oropropene NO ug/kg 16000 
trans-1,3-0ichloropropene NO ug/kg 16000 

;I Ethyl benzene NO ug/kg 16000 
2-Hexanone NO ug/kg 33000 
Methylene chloride -4600 ug/kg 16000 J 

ll 
4-Methyl-2-pentanone 

(MIBK) NO ug/kg 33000 
Styrene NO 1:19/kg 16000 
1,1,2,2-Tetrachloroethane NO ug/kg 16000 

fl 
Tetrachloroethene NO ug/kg 16000 
Toluene 320000 ug/kg 16000 
1,1,1-Trichloroethane NO ug/kg 16000 
1,1,2-Trichloroethane NO ug/kg 16000 

\I Trichloroethene NO ug/kg 16000 
Vinyl acetate NO ug/kg 33000 
Vinyl chloride NO ug/kg 33000 
Xylenes (total) NO ug/kg 16000 

I Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
Isobutanol NO ug/kg 660000 

I 
(cant i nued on fo 11 owing pager 

I NO = Not detected 
NA =Not applicable 

I 
Reported By: Cherie Windholz Approved By: Mark Oymerski 

I ~ 



I 
I 
1 
.I 

~I 

_I 

ll 
~I 

[I 
~I 

_I 

Ll 

[I 
~I 

I 
~I 

.I 
I 
-1 

_· Enseco 
Volatile Organics 

Target Compound List (TCL) 
Method 8240 

Woodward-Clyde Consultants 
WCS-2 (8-10 Feet) 
015168-0001-SA 

Client Name: 
Client ID: 
Lab ID: 

SOIL Sampled: 28 MAY 91 
30 MAY 91 Prepared: 03 JUN 91 

Matrix: 
Authorized: 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-0ichloroethane-d4 

NO 
NO 
NO 

% 
% 
% 

Received: 30 MAY 91 
Analyzed: 07 JUN-.91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA =Not applicable 

Reported By: Cherie Windholz Approved By: Mark Oymerski 

:I 

A C:l\mln~ C\ >mp.m~· 



I ··Enseco 
Volatile Organics ...\ c;l1mln~ c~)m~~Jnv 

I Target Com~ound List (TCL) 
Met od 8240 

I 
Client Name: Woodward-Clyde Consultants 
Client 10: WCS-5 (8-10 Feet) 
Lab 10: 015168-0002-SA 
Matrix: SOIL Sampled: 28 MAY 91 Received: 30 MAY 91 

tl 
Authorized: 30 MAY 91 Prep-ared: 03 JUN 91 Analyzed: 07 JUN 91 

Wet wt. Reporting 
Parameter Result Units Limit 

I Acetone 98000 ug/kg 200000 J 
Benzene NO ug/kg 100000 

I 
Bromodichloromethane NO ug/kg 100000 
Bromoform NO ug/kg 100000 
Bromomethane NO _ug/kg 200000 
2-Butanone ~MEK) NO ug/kg 200000 

I 
Carbon disu fide NO ug/kg 100000 
Carbon tetrachloride NO ug/kg 100000 
Chlorobenzene NO ug/kg 100000 
Chloroethane NO ug/kg 200000 

I Chloroform NO ug/kg 100000 
Chloromethane NO ug/kg 200000 
Oibromochloromethane NO ug/kg 100000 

I 
1,1-0ichloroethane NO ug/kg 100000 
1,2-0ichloroethane NO ug/kg 100000 
1,1-0ichloroethene NO ug/kg 100000 
1,2-0ichloroethene 

I ~total) NO ug/kg 100000 
1,2- ichloro~ropane NO ug/kg 100000 
cis-1,3-0ich oropropene NO ug/kg 100000 
trans-1,3-0ichloropropene NO ug/kg 100000 

tl Ethyl benzene NO ug/kg 100000 
2-Hexanone NO ug/kg 200000 
Methylene chloride -24000 ug/kg 100000 J 

I 
4-Methyl-2-pentanone 

(MIBK) NO ug/kg 200000 
Styrene NO ug/kg 100000 
1,1,2,2-Tetrachloroethane NO ug/kg 100000 

I 
Tetrachloroethene NO ug/kg 100000 
Toluene 1900000 ug/kg 100000 
1,1,1-Trichloroethane NO ug/kg 100000 
1,1,2-Trichloroethane NO ug/kg 100000 

I Trichloroethene NO ug/kg 100000 
Vinyl acetate NO ug/kg 200000 
Vinyl chloride NO ug/kg 200000 
Xylenes (total} NO ug/kg 100000 

I Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
lsobutanol NO ug/kg 4000000 

I 
NO = Not detected 

(continued on following page} 

I NA =Not applicable 

I 
Reported By: Cherie Windholz Approved By: Mark Oymerski 

I ~ ~1 
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Volatile Organics 
Target Compound List (TCL) 

Method 8240 

Client Name: 
Client ID: 

Woodward-Clyde Consultants 
WCS-5 (8-10 Feet) 

Lab ID: 015168-0002-SA 
Matrix: 

:. Authorized: 
SOIL Sampled: 28 MAY 91 
30 MAY 91 Prepared: 03 JUN 91 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-0ichloroethane-d4 

NO 
NO 
NO 

% 
% 
% 

Received: 30 MAY 91 
Analyzed: 07 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA =Not applicable 

Reported By: Cherie Windholz Approved By: Mark Oymerski 

·Enseco 
A Cumm~ Cump,mv 
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Target Com~ound List (TCL) 
Met od 8240 

fl 
Client Name: Woodward-Clyde Consultants 
Client ID: WCS-6 (8-10 Feet) 
Lab ID: 015168-0003-SA 
Matrix: SOIL Sampled: 28 MAY 91 Received: 30 MAY 91 

!I Authorized: 30 MAY 91 l?repared: 03 JUN 91 Analyzed: 07 JUN 91 

Wet wt. Reporting 
Parameter Result Units Limit 

fl Acetone 2400 ug/kg 4000 J 
Benzene NO ug/kg 2000 

\I 
Bromodichloromethane NO ug/kg 2000 
Bromoform NO ug/kg 2000 
Bromomethane NO . ug/kg 4000 
2-Butanone ~MEK) NO ug/kg 4000 . 

tl Carbon disu fide NO ug/kg 2000 
Carbon tetrachloride NO ug/kg 2000 
Chlorobenzene NO ug/kg 2000 
Chloroethane NO ug/kg 4000 

fl Chloroform NO ug/kg 2000 
Chloromethane NO ug/kg 4000 
Oibromochloromethane NO ug/kg 2000 

r1 
1,1-0ichloroethane NO ug/kg 2000 
1,2-0ichloroethane ND ug/kg 2000 
1,1-0ichloroethene NO ug/kg 2000 
1,2-0ichloroethene 

fl ~total) NO ug/kg 2000 
1,2- ichloro~ropane NO ug/kg 2000 
cis-1,3-0ich oropropene NO ug/kg 2000 
trans-1,3-0ichloropropene NO ug/kg 2000 

;I Ethyl benzene NO ug/kg 2000 
2-Hexanone NO ug/kg 4000 
Methylene chloride 520 ug/kg 2000 J 

ll 
4-Methyl-2-pentanone 

(MIBK) NO ug/kg 4000 
Styrene NO ug/kg 2000 
1,1,2,2-Tetrachloroethane NO ug/kg 2000 

tl 
Tetrachloroethene NO ug/kg 2000 
Toluene 27000 ug/kg 2000 
1,1,1-Trichloroethane NO ug/kg 2000 
1,1,2-Trichloroethane NO ug/kg 2000 

I Trichloroethene NO ug/kg 2000 
Vinyl acetate NO ug/kg 4000 
Vinyl chloride NO ug/kg 4000 

.I 
Xylenes (total) NO ug/kg 2000 
Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
Isobutanol ND ug/kg 80000 

I 
I NO = Not detected 

(continued on following page) 

NA =Not applicable 

I 
Reported By: Cherie Windholz Approved By: Mike Hoffman 

-.1 ;~ 
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:~ · Enseco 
Volatile Organics 

Target Compound List (TCL) 
Method 8240 

Client Name: 
Client ID: 

Woodward-Clyde Consultants 
WCS-6 (8-10 Feet) 

Lab ID: 015168-0003-SA 
Matrix: 
Authorized: 

SOIL Sampled: 28 MAY 91 
30 MAY 91 Prepared: 03 JUN 91 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

94 
90 
86 

% 
% 
% 

Received: 30 MAY 91 
Analyzed: 07 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

ND = Not detected 
NA =Not applicable 

Reported By: Cherie Windholz Approved By: Mike Hoffman 

. .1, C:l)mln~ C~om1Pd.ny 
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Quality Control Results 

The Enseco laboratories operate under a vigorous QA/QC program-designed to 
ensure the generation of scientifically valid, legally defensible data by 
monitoring every aspect of laboratory operations. Routine QA/QC procedures 
include the use of approved methodologies, independent verification of 
analytical standards, use of duplicate Laboratory Control Samples to assess 
the precision and accuracy of the methodology on a routine basis, and a 
rigorous system of data review. 

In addition, the Enseco laboratories maintain a comprehensive set of 
certifications from both state and federal governmental agencies which require 
rrequent analyses of blind audit samples. Enseco - Rocky Mountain Analytical 
Laboratory is certified by the EPA under the EPA/CLP program for both Organic 
and Inorganic analyses, under the USATHAMA (U.S. Army) program, by the Army 
Corps of Engineers, and the states of Colorado, New Jersey, New York, Utah, 
and Florida, among others. 

The standard laboratory QC package is ~esigned to: 

1) establish a strong, cost-effective QC program that ensures the 
generation of scientifically valid, legally defensible data 

2) assess the laboratory's performance of the analytical method 
using control limits generated with a well-defined matrix 

3) establ.ish clear-cut guidelines for acceptability of analytical 
data so that QC decisions can be made immediately at the bench, 
and 

4) provide a standard set of reportables which assures the client 
of the quality of his data. 
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The Enseco QC program is based upon monitoring the precision and accuracy 
of an analytical method by analyzing a set of Duplicate Control Samples (DCS) 
at frequent, well-defined intervals. Each DCS is a well-characterized matrix 
which is spiked with target compounds at 5-100 times the reporting limit, 
depending upon the methodology being monitored. The purpose of the DCS is not 
to duplicate the sample matrix, but rather to provide an interference-free, 
homogeneous matrix from which to gather data to establish control limits. 
These limits are used to determine whether data generated by the laboratory on 
any given day is in control. 

Control limits for accuracy (percent recovery) are based on the average, 
historical percent recovery+/- 3 standard deviation units. Control limits 
for precision (relative percent difference) range from 0 (identical duplicate 
DCS results) to the average, historical relative percent difference + 3 
standard deviation units. These control limits are fairly narrow based on the 
consistency of the matrix being monitored and are updated on a quarterly 
basis. 

For each batch of samples analyzed, an additional control measure is taken 
in the form of a Single Control Sample (SCS). The SCS consists of a control 
matrix that is spiked with either repre·sentative target compounds or surrogate 
compounds appropriate to the method being used. An SCS is prepared for each 
sample lot for which the DCS pair are not analyzed. 

Accuracy for DCS and SCS is measured by Percent Recovery. 

Measured Concentration 
% Recovery = ------------ X 100 

Actual Concentration 

Precision for DCS is measured by Relative Percent Difference (RPD). 

I Measured Concentration DCS1 - Measured Concentration DCS2 1 
RPD = ------------------------- X 100 

(Measured Concentration DCS1 + Measured Concentration DCS2)/2 
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All samples analyzed concurrently by the same test are assigned the same 
QC lot number. Projects which contain numerous samples, analyzed over several 
days, may have multiple QC lot numbers associated with each test. The QC 
information which follows includes a listing of the QC lot numbers associated 
with each of the samples reported, DCS and SCS (where applicable) recoveries 
from the QC lots associated with the samples, and control limits for these 
lots. The QC data is reported by test code, in the order that the tests are 
reported in the analytical results section of this report. 
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:I QC LOT ASSIGNMENT REPORT 
Volatile Organics by GC/MS 

fl laboratory QC Lot Number QC Run Number 
Sample Number QC Matrix QC Category (OCS) (SCS/BLANK) 

ll 015168-0001-SA SOIL 8240-S 29 MAY 91-A 03 JUN 91-A 
015168-0002-SA SOIL 8240-S 29 MAY 91-A 03 JUN 91-A 

fl 
015168-0003-SA SOIL 8240-S 29 MAY 91-A 03 JUN 91-A 

fl 
I 
I 
I 
I 
[I 
I 
I 
I 
'I 
I 
I 
I 
I ~ ~ 
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DUPLICATE CONTROL SAMPLE REPORT 
Volatile Organics by GC/MS 

Analyte 

Category: 8240-S 
Matrix: SOIL 
QC Lot: 29 MAY 91-A 
Concentration Units: ug/kg 

1,1-Dichloroethene 
Trichloroethene 
Benzene 
Toluene 
Chlorobenzene 

Concentration 
Spiked Measured 

DCS1 DCS2 

5000 3780 3460 
5000 4580 4570 
5000 4540 4790 
5000 4960 5140 
5000 4680 4920 

Accuracy Precision 
Avera~e(%) tRPD) 

AVG DCS imits D S Limit 

3620 72 59-172 8.8 22 
4580 92 62-137 0.2 24 
4660 93 66-142 5.4 21 
5050 101 59-139 3.6 21 
4800 96 60-133 5.0 21 

II Calculations are performed before rounding to avoid round-off errors in calculated results . 

I 
I 
~I 

I 
I 
I 
I 
I 
I 
I 
I 



I 
.I 

;I 
tl 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

------------------------- ~;·Enseco 
.... ,.. .-\ ~omin~ Ct1m~1dn ~· 

SINGLE CONTROL SAMPLE REPORT 
Volatile Organics by GC/MS 

Analyte 

Cate~ory: 8240-S 
Matnx: SOIL 

Concentration 
Spiked Measured 

QC Lot: 29 MAY 91-A QC Run: 03 JUN 91-A 
Concentration Units: ug/kg 

1,2-0ichloroethane-d4 
4-Bromofluorobenzene 
Toluene-dB 

5000 
5000 
5000 

5900 
5460 
5830 

Accuracy{%) 
SCS Limits 

118 70-121 
109 74-121 
117 81-117 

Calculations are performed before rounding to avoid round-off errors in calculated results. 



.I S:Enseco ..... . 
A Comon)l C<1mpany 

ll METHOD BLANK REPORT 
Volatile Organics by GC/MS 

rt Analyte Result Units 
Reporting 

Limit 

II Test: 8240CPM-TCL-S 
Matrix: SOIL 
QC Lot: 29 MAY 91-A QC Run: 03 JUN 91-A 

r1 Acetone NO ug/kg 1000 
Benzene NO ug/kg 500 

ll 
Bromodichloromethane NO ug/kg 500 
Bromoform NO ug/kg 500 
Bromomethane NO ug/kg 1000 
2-Butanone fMEK) NO ug/kg 1000 

I Carbon disu fide NO ug/kg 500 
Carbon tetrachloride NO ug/kg 500 
Chlorobenzene NO ug/kg 500 

il 
Chloroethane NO ug/kg 1000 
Chloroform NO ug/kg 500 
Chloromethane NO ug/kg 1000 
Dibromochloromethane NO ug/kg 500 

!I 
1,1-Dichloroethane NO ug/kg 500 
1,2-Dichloroethane NO ug/kg 500 
1,1-Dichloroethene NO ug/kg 500 
1,2-Dichloroethene 

fl ~total{ NO · ug/kg 500 
1, -Dich oro~ropane NO ug/kg 500 
cis-1,3-Dich oropropene No · ug/kg 500 
trans-1,3-Dichloropropene NO ug/kg 500 

:I Ethyl benzene NO ug/kg 500 
2-Hexanone NO ug/kg 1000 
Methylene chloride NO ug/kg 500 

ll 
4-Methyl-2-pentanone 

(MIBK) NO ug/kg 1000 
Styrene NO ug/kg 500 
1,1,2,2-Tetrachloroethane NO ug/kg 500 

II Tetrachloroethene NO ug/kg 500 
Toluene NO ug/kg 500 
1,1,1-Trichloroethane NO ug/kg 500 
1,1,2-Trichloroethane NO ug/kg 500 

~I Trichloroethene NO ug/kg 500 
Vinyl acetate NO ug/kg 1000 
Vinyl chloride NO ug/kg 1000 

I 
Xylenes (total) NO ug/kg 500 
Hexane NO ug/kg 
n-Butyl alcohol NO ug/kg 
lsobutanol NO ug/kg 20000 

I 
,I 
I 
.I 
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Enseco 
A CORNING Company 

June 14, 1991 

Mr. David Dods 
Woodward-Clyde Consultants 
5055 Antioch Road 
Overland Park, KS 66203 

Dear Mr. Dods: 

Rocky Mountain 
Analytical Laborawry 

Enclosed is the report for four samples received at Enseco-Rocky Mountain 
Analytical Laboratory on May 23 and 25, 1991. Pursuant to instructions from 
you on May 29, 19?1, these samples were analyzed for TOC. 

Please call if you have any questions. 

Sincerely, 

. ' / '',; . / ! ----/ .;_;.u·(.., 

/ 1Julie Es~~ . 
1 Progra~~~inistrator 

JE/SD/brm 
Enclosures 

RMAL 1015154 

Enseco Incorporated 
4955 Yarrow Street 
Arvada, Colorado 80002 
303/421-6611 Fax: 303/431-7171 

Reviewed by: 

I /) ~J 
~£[ . itlltf!z/ 
Sue Dalla 
Manager 
Program Administration 
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Lab ID Client ID 

015154-0001-SA MW-11 30-32' 
015154-0002-SA WCS-7 1-3' 
015154-0003-SA WCS-9 8-10' 
015154-0004-SA MW-12 35-37' 

SAMPLE DESCRIPTION INFORMATION 
for 

Woodward-Clyde Consultants 

Matrix 
Sampled 

Date Time 

SOIL 20 MAY 91 
SOIL 23 MAY 91 
SOIL 24 MAY 91 
SOIL 24 MAY 91 

=~ Enseco 
A Coming Companv 

Received 
Date 

23 MAY 91 
25 MAY 91 
25 MAY 91 
25 MAY 91 
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Lab ID: Group 

ANALYTICAL TEST REQUESTS 
for 

Woodward-Clyde Consultants 

015154 Code Analysis Description 

0001 - 0004 A Total Organic Carbon {TOC) 

-~ Enseco 
. ' A Coming Cump•ny 

Custom 
Test? 

N 
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Client Name: 
Client ID: 
Lab ID: 

General Inorganics 

Woodward-Clyde Consultants 
MW-11 30-32' 
015154-0001-SA 

Enseco 
A Coming Comp•n v 

Matrix: 
Authorized: 

SOIL Sampled: 20 MAY 91 
29 MAY 91 Prepared: See Below 

Received: 23 MAY 91 
Analyzed: See Below 

Parameter 

Total Organic 
Carbon 

ND = Not detected 
NA =Not applicable 

Result 

0.29 

Reported By: Paula Hubble 

Units 

% 

Reporting Analytical 
Limit Method 

Prepared Analyzed 
Date Date 

0.02 9060 NA 03 JUN 91 

Approved By: Toni Stovall 
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------------------------------------------------ ~ E~o 
·• A Coming Company 

Client Name: 
Client 10: 
Lab 10: 

General Inorganics 

Woodward-Clyde Consultants 
WCS-7 1-3' 
015154-0002-SA 

Matrix: 
Authorized: 

SOIL Sampled: 23 MAY 91 
~29 MAY 91 Prepared: See Below 

Received: 25 MAY 91 
Analyzed: See Below 

Parameter 

Total Organic 
Carbon 

NO • Not detected 
NA =Not applicable 

Result 

7.25 

Reported By: Paula Hubble 

Units 

% 

Reporting Analytical 
Limit Method 

Prepared Analyzed 
Date Date 

0.02 9060 NA 03 JUN 91 

Approved By: Toni Stovall 



I 
I 
-1 

I 
·I 
I 
I 
:1 
~I 

'I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 

------------------------- ~ Enseco 

Client Name: 
Client 10: 
Lab 10: 

General Inorganics 

Woodward-Clyde Consultants 
WCS-9 8-10' 
015154-0003-SA 

A Commg Comp.1ny 

Matrix: 
Authorized: 

SOIL Sampled: 24 MAY 91 
29 MAY 91 Prepared: See Below 

Received: 25 MAY 91 
Analyzed: See Below 

Parameter 

Total Organic 
Carbon 

NO = Not detected 
NA =Not applicable 

Result 

0.06 

Reported By: Paula Hubble 

Units 

% 

Reporting Analytical 
Limit Method 

Prepared Analyzed 
Date Date 

0.02 9060 NA 03 JUN 91 

Approved By: Toni Stovall 
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Client Name: 
Client ID: 
Lab ID: 

General Inorganics 

Woodward-Clyde Consultants 
MW-12 35-37' 
015154-0004-SA 

-.~ Enseco 
A Comong Company 

Matrix: 
Authorized :·A 

SOIL Sampled: 24 MAY 91 
29 MAY 91 Prepared: See Below 

Received: 25 MAY 91 
Analyzed: See Below 

Parameter 

Total Organic 
Carbon 

ND = Not detected 
NA = Not applicable 

Result 

0.15 

Reported By: Paula Hubble 

Units 

% 

Reporting Analytical 
Limit Method 

Prepared Analyzed 
Date Date 

0.02 9060 NA 03 JUN 91 

Approved By: Toni Stovall 
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Enseco 
A CORNING Company 

June 14, 1991 

Mr. David Dods 
Woodward-Clyde Consultants 
5055 Antioch Ro~d 
Overland Park, KS 66203 

Dear Mr. Dods: 

Rocky Mountain 
Analytical LaboratOry 

Enclosed is the report for 12 samples received at Enseco-Rocky Mountain 
Analytical Laboratory on June 3, 1991. 

Inc 1 uded with the report is a qua 1 ity contro 1 summary. 

Please call if you have any questions;, 

I 

Sincerely, 

-') . 

I ,< /.?~~<../, 
Julie Esse 
Program A inistrator 

/ 

JE/SD/heg 
Enclosures 

RMAL #015241 

Enseco Incorporated 
4955 Yarrow Street 
Arvada, Colorado 80002 
303/421-6611 Fax: 303/431-7171 

Reviewed by: 

klk%:?_/ 
Sue Dalla 
Manager 
Program Administration 

. , • 
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ANALYTICAL RESULTS 

FOR 

WOODWARD-CLYDE CONSULTANTS 

ENSECO-RMAL NO. 015241 

JUNE 14, 1991 

Reviewed by: 

Enseco Incorporated 
4955 Yarrow Street 
Arvada, Colorado 80002 
303/421-6611 Fax: 303/431-7171 

Rocky Mountain 
Analytical Laboratory 

: ~ Enseco 
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Introduction 

This report presents the analytical results as well as supporting 
information to aid in the evaluation and interpretation of the data and is 
arranged in the following order: 

0 

0 

0 

0 

Sample Description Information 
Analytical Test Requests 
Analytical Results 
Quality Control Report 

A Coming Company 

.. J .. values have been reported for the volatiles, semivolatiles and metals 
analyses. A 11 J 11 value indicates an estimated value. For Methods 8240 and 
8270 a .. J .. value is where the mass spectra data indicate the presence of a 
compound which meets identification criteria; however, the result is less than 
the reporting limit but greater than the instrument detection limit (IDL). 

All analyses at Enseco are performed so that the maximum concentration of 
sample consistent with the method is analyzed. Di,utions are at times 
required to avoid saturation of the detector, to achieve linearity for a 
specific target compound or to reduce matrix interferences. In this event, 
reporting limits are adjusted proportionately. Surrogate compounds may not be 
measurable in samples which have been diluted. 

Samples 015241-0001, -0002, -0004 through -0008 and -0011 by Method 8240 
were diluted due to elevated concentrations of target compounds. The 
reporting limits were raised proportionately. 

Acetone and methylene chloride were observed in the method blanks 
performed for the GC/MS volatile analysis. 

For organic analyses, the concentration of target analytes in the blank 
must be below the reporting limit for that analyte in order for the blank to 
be considered acceptable. An exception is made for common laboratory 
contaminants [methylene chloride, acetone, 2-butanone, toluene, and 
bis(2-ethylhexyl)phthalate] which may be present in the blank at up to five 
times the reporting limit and still be considered acceptable. This policy is 
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- · A Coming Company 

consistent with the CLP policy and has been established in recognition of the 
fact that these compounds are frequently found at low levels in method blanks 
due to the materials used in the collection, preparation, and analysis of 
samples for organic parameters. 

Sample Description Information 

The Sample Description Information lists all of the samples received in 
this project together with the internal laboratory identification number 
assigned for each sample. Each project received at Enseco - RMAL is assigned 
a unique six digit number. Samples within the project are numbered 
sequentially. The laboratory identification number is a combination of the 
six digit project code and the sample sequence number. 

Also given in the Sample Description Information is the Sample Type 
(matrix), Date of Sampling (if known) and Date of Receipt at the laboratory • 

Analytical Test Requests 

The Analytical Test Requests lists the ·analyses that were performed on 
each sample. The Custom Test column indicates where tests have been modified 
to conform to the specific requirements of this project • 
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· - A Coming Company 

Lab ID: 
015241 

0001 - 0012 

Group 

ANALYTICAL TEST REQUESTS 
for 

Woodward-Clyde Consultants 

Code Analysis Description 

A Volatile Organics 
Target Compound List (TCL) 

Screen - Volatile Organics 

Custom 
Test? 

y 
y 
N 
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Lab ID Client ID 

015241-0001-SA MW-1 
015241-0002-SA MW-2 
015241-0003-SA MW-3 
015241-0004-SA MW-4 
015241-0005-SA MW-6A 
015241-0006-SA MW-68 
015241-0007-SA MW-9 
015241-0008-SA MW-10 
015241-0009-SA MW-11 
015241-0010-SA MW-12 
015241-0011-SA MW-14 
015241-0012-TB TB-1 

SAMPLE DESCRIPTION INFORMATION 
for 

Woodward-Clyde Consultants 

Matrix 

AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 

Sampled 
Date Time 

31 MAY 91 
31 MAY 91 
31 MAY 91 
31 MAY 91 
31 MAY 91 
31 MAY 91 
31 MAY 91 
31 MAY 91 
31 MAY 91 
31 MAY 91 
31 MAY 91 
31 MAY 91 

Received 
Date 

03 JUN 91 
03 JUN 91 
03 JUN 91 
03 JUN 91 
03 JUN 91 
03 JUN 91 
03 JUN 91 
03 JUN 91 
03 JUN 91 
03 JUN 91 
03 JUN 91 
03 JUN 91 



I 
I 
I 
I 
-I 
:I 

tl 

!I 
~ I 

:I 
:I 
~I 
:_I 

I 
fl 
_I 

I 
.I 

---------------------------------------------------- ~-E~o 
A Coming Company 

Analytical Results 

The analytical results for this project are presented in the following 
data tables. Each data table includes sample identification information, and 
when available and appropriate, dates sampled, received, authorized, prepared 
and analyzed. The authorization data is the date when the project was defined 
by the client such that laboratory work could begin. 

Data sheets contain a listing of the parameters measured in each test, the 
analytical results and the Enseco reporting limit. Reporting limits are 
adjusted to reflect dilution of the sample, when appropriate. Solid and waste 
samples are reported on an "as received" basis, i.e. no correction is made for 
moisture content. 

Enseco-RMAL is no longer routinely blank-correcting analytical data. 
Uncorrected analytical results are reported, along with associated blank 
results, for all organic and metals analyses. Analytical results and blank 
results are reported for conventional inorg~nic parameters as specified in the 
method. This policy is described in detail in the Enseco Incorporated Quality 
Assurance Program Plan for Environmental Chemical Monitoring, Revision 3.3, 
May, 1989. 

The results from the Standard Enseco QA/QC Program, which generates data 
which are independent of matrix effects, is provided subsequently. 



I ·- Ensec ·-:...·. 0 __ , 

Volatile Organics -· A Coming Company 

I Target Com~ound List {TCL) 
Met od 8240 

I 
Client Name.: Woodward-Clyde Consultants 
Client ID: MW-1 
Lab ID: 015241-0001-SA 
Matrix: AQUEOUS Sampled: 31 MAY 91 Received: 03 JUN 91 

I 
Authorized: 03 JUN 91 Pcepared: 04 JUN 91 Analyzed: 09 JUN 91 

Reporting 
Parameter Result Units Limit 

I Acetone NO ug/L 50000 
Benzene NO ug/L 25000 
Bromodichloromethane NO ug/L 25000 

'I Bromoform NO ug/L 25000 
Bromomethane NO ug/L 50000 
2-Butanone tMEK) NO ug/L 50000-

1'1 
Carbon disu fide 7300 ug/L 25000 J 
Carbon tetrachloride NO ug/L 25000 

l Chlorobenzene NO ug/L 25000 
Chloroethane NO ug/L 50000 

;·I Chloroform NO ug/L 25000 
Chloromethane NO ug/L 50000 
Oibromochloromethane NO ug/L 25000 
1,1-0ichloroethane NO ug/l 25000 

il 1,2-0ichloroethane NO ug/l 25000 
1,1-0ichloroethene NO ug/l 25000 
1,2-0ichloroethene 

fl 
btotal) NO ug/l 25000 

1,2- ichloro~ropane NO ug/l 25000 
cis-1,3-0ich oropropene NO. ug/L 25000 
trans-1,3-0ichloropropene NO ug/l 25000 

:I Ethyl benzene NO ug/L 25000 
2-Hexanone NO ug/L 50000 
Methylene chloride 15000 ug/L 25000 J 
4-Methyl-2-pentanone 

ug/L ~I (MIBK) NO 50000 
Styrene NO ug/L 25000 
1,1,2,2-Tetrachloroethane NO ug/L 25000 

tl 
Tetrachloroethene NO ug/l 25000 
Toluene 470000 ug/l 25000 
1,1,1-Trichloroethane NO ug/l 25000 
1,1,2-Trichloroethane NO ug/L 25000 

~I 
Trichloroethene NO ug/L 25000 
Vinyl acetate NO ug/L 50000 
Vinyl chloride NO ug/L 50000 
Xylenes (total) NO ug/L 25000 

.I Hexane NO ug/L 
n-Butyl alcohol NO ug/L 
Isobutanol NO ug/L 1000000 

I 
NO • Not detected 

(continued on following page) 

,I NA =Not applicable 

Reported By: Robert Broderick Approved By: Mark Oymerski 
' I 
I 

I ;~ 

I 
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Vo 1 at i 1 e Organics A Coming Company 

Target Compound List (TCL) 
Method 8240 

Client Name: 
Client ID: 

Woodward-Clyde Consultants 
MW-1 

Lab ID: 
Matrix: 
Authorized: 

Surrogate 

015241-0001-SA 
AQUEOUS 
03 JUN 91 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

Sampled: 31 MAY 91 
Prepared: 04 JUN 91 

Recovery 

104 
100 
88 

% 
% 
% 

Received: 03 JUN 91 
Analyzed: 09 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO • Not detected 
NA • Not applicable 

Reported By: Robert Broderick Approved By: Mark Dymerski 



I ~~Enseco 
Volatile Organics 

,_ 
A Coming Company 

I Target Com~ound List (TCL) 
Met od 8240 

Client Name: Woodward-Clyde Consultants 

I Client ID: MW-2 
Lab ID: 015241-0002-SA 
Matrix: AQUEOUS Sampled: 31 MAY 91 Received: 03 JUN 91 

I 
Authorized: 03 JUN 91 _,Prepared: 04 JUN 91 Analyzed: 09 JUN 91 

Reporting 
Parameter Result Units Limit 

I Acetone NO ug/L 50000 
Benzene NO ug/L 25000 
Bromodichloromethane NO ug/L 25000 

I Bromoform NO ug/L 25000 
Bromomethane NO ug/L 50000 
2-Butanone fMEK) NO ug/L 50000· 

.I 
Carbon disu fide NO ug/L 25000 
Carbon tetrachloride NO ug/L 25000 
Chlorobenzene NO ug/L 25000 
Chloroethane NO ug/L 50000 

I Chloroform NO ug/L 25000 
Chloromethane NO ug/L 50000 
Oibromochloromethane NO ug/L 25000 
1,1-0ichloroethane NO ug/L 25000 

I 1,2-0ichloroethane NO ug/L 25000 
1,1-0ichloroethene NO ug/L 25000 
1,2-0ichloroethene 

'I btotal) NO ug/L 25000 
1,2- ichlorovropane NO ug/L 25000 
cis-1,3-0ich oropropene NO- ug/L 25000 
trans-1,3-0ichloropropene NO ug/L 25000 

I Ethyl benzene NO ug/L 25000 
2-Hexanone NO ug/L 50000 
Methylene chloride 20000 ug/L 25000 J 

.I 
4-Methyl-2-pentanone 

(MIBK) NO ug/L 50000 
Styrene NO ug/L 25000 
1,1,2,2-Tetrachloroethane NO ug/L 25000 

I 
Tetrachloroethene NO ug/L 25000 
Toluene 450000 ug/L 25000 
1,1,1-Trichloroethane NO ug/L 25000 
1,1,2-Trichloroethane NO ug/L 25000 

I Trichloroethene NO ug/L 25000 
Vinyl acetate NO ug/L 50000 
Vinyl chloride NO ug/L 50000 
Xylenes (total) NO ug/L 25000 

I Hexane NO ug/L 
n-Butyl alcohol NO ug/L 
Isobutanol NO ug/L 1000000 

I 
NO = Not detected 

(continued on following page) 

I NA • Not applicable 

Reported By: Robert Broderick Approved By: Mark Oymerski 

I 
I ~1 
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:~iEnseco -Volatile Organics 
Target Compound List (TCL) 

Method 8240 

Client Name: Woodward-Clyde Consultants 
Client ID: MW-2 
Lab ID: 015241-0002-SA 
Matrix: AQUEOUS Sampled: 31 MAY 91 
Authorized: 03 JUN 91 Prepared: 04 JUN 91 

Surrogate 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

Recovery 

103 
101 
86 

% 
% 
% 

Received: 03 JUN 91 
Analyzed: _09 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA ~ Not applicable 

Reported By: Robert Broderick Approved By: Mark Oymerski 

A Coming Company 



I ~·Enseco Volatile Organics A Coming Company 

!I 
Target Com~ound List {TCL) 

Met od 8240 

I 
Client Name: Woodward-Clyde Consultants 
Client 10: MW-3" 
lab 10: 015241-0003-SA 
Matrix: AQUEOUS Sampled: 31 MAY 91 Received: 03 JUN 91 

il 
Authorized: 03 JUN 91 ..i ,..~ Prepared: 04 JUN 91 Analyzed: 10 JUN 91 

Reporting 
Parameter Result Units Limit 

ll Acetone 36 ug/L 10 
Benzene NO ug/L 5.0 

I 
Bromodichloromethane NO ug/L 5.0 
Bromoform NO ug/L 5.0 
Bromomethane NO ug/L 10 
2-Butanone ~MEK) NO ug/L 10 . 

I, Carbon disu fide NO ug/L 5.0 
Carbon tetrachloride NO ug/L 5.0 
Chlorobenzene NO ug/L 5.0 
Chloroethane NO ug/L 10 

I Chloroform NO ug/L 5.0 
Chloromethane NO ug/L 10 
Oibromochloromethane NO ug/L 5.0 
1,1-0ichloroethane NO ug/L 5.0 

I 1,2-0ichloroethane NO ug/L 5.0 
1,1-0ichloroethene NO ug/L 5.0 
1,2-0ichloroethene 

I 
btotal) NO ug/L 5.0 

1,2- ichloro~ropane NO ug/L 5.0 
cis-1,3-0ich oropropene NO ug/L 5.0 
trans-1,3-0ichloropropene NO ug/L 5.0 

I Ethyl benzene NO ug/L 5.0 
2-Hexanone NO ug/L 10 
Methylene chloride 1.1 ug/L 5.0 J 
4-Methyl-2-pentanone 

I {MIBK) NO ug/L 10 
Styrene NO ug/L 5.0 
1,1,2,2-Tetrachloroethane NO lig/L 5.0 

·' Tetrachloroethene NO ug/L 5.0 

I Toluene 39 ug/L 5.0 
1,1,1-Trichloroethane NO ug/L 5.0 
1,1,2-Trichloroethane NO ug/L 5.0 

I 
Trichloroethene NO ug/L 5.0 
Vinyl acetate NO ug/L 10 
Vinyl chloride NO ug/L 10 
Xylenes {total) NO ug/L 5.0 

I Hexane NO ug/L 
n-Butyl alcohol NO ug/L 
Isobutanol NO ug/L 200 

I' 
NO z Not detected 

{continued on following page)· 

I NA ·Not applicable 

Reported By: Robert Broderick Approved By: Mark Oymerski 
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Volatile Organics 
Target Compound List {TCL) 

Method 8240 

Client Name: Woodward-Clyde Consultants 
Client ID: MW-3 
Lab ID: 015241-0003-SA 

AQUEOUS Sampled: 31 MAY 91 
03 JUN 91 Prepared: 04 JUN 91 

Matrix: 
Authorized: 

Surrogate 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

Recovery 

104 
102 
90 

% 
% 
% 

Received: 03 JUN 91 
Analyzed: 10 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO - Not detected 
NA • Not applicable 

Reported By: Robert Broderick Approved By: Mark Dymerski 

A Coming Company 
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------------------------------------------------------- 1 En6eeo 
Vo 1 at il e Organics A Coming Company 

Target Compound List (TCL) 
Method 8240 

Client Name: Woodward-Clyde Consultants 
Client ID: MW-4 
Lab ID: 015241-0004-SA 
Matrix: AQUEOUS 
Authorized: 03 JUN 91 

Parameter 

Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-Butanone ~MEK) 
Carbon disu fide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Oibromochloromethane 
1,1-0ichloroethane 
1,2-0ichloroethane 
1,1-0ichloroethene 
1,2-0ichloroethene 

btotal) 
1,2- ichloro~ropane 
cis-1,3-0ich oropropene 
trans-1,3-0ichloropropene 
Ethyl benzene 
2-Hexanone 
Methylene chloride 
4-Methyl-2-pentanone 

(MIBK) 
Styrene 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl acetate 
Vinyl chloride 
Xylenes (total} 
Hexane 
n-Butyl alcohol 
Isobutanol 

NO = Not detected 
NA • Not applicable 

Sampled: 31 MAY 91 
~ ~. Prepared: 04 JUN 91 

Result Units 

NO ug/L 
NO ug/L 
NO ug/L 
NO ug/L 
NO ug/L 
NO ug/l 
NO ug/l 
NO ug/L 
NO ug/L 
NO ug/L 
NO ug/L 
NO ug/l 
NO ug/L 
NO ug/L 
NO ug/L 
NO ug/L 

NO ug/L 
NO ug/l 
NO. ug/l 
NO ug/L 
NO ug/L 
NO ug/L 
81 ug/L 

ug/L NO 
NO ug/l 
NO ug/l 
NO ug/l 

1100 ug/L 
NO ug/l 
NO ug/L 
NO ug/L 
NO ug/L 
NO ug/l 
NO ug/L 
NO ug/L 
NO ug/l 
NO ug/L 

(continued on following page) 

Received: 03 JUN 91 
Analyzed: 07 JUN 91 

Reporting 
Limit 

200 
100 
100 
100 
200 
200 . 
100 
100 
100 
200 
100 
200 
100 
100 
100 
100 

100 
100 
100 
100 
100 
200 
100 J 

200 
100 
100 
100 
100 
100 
100 
100 
200 
200 
100 

4000 

Reported By: Robert Broderick Approved By: Mark Oymerski 
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Volatile Organics 
Target Compound List (TCL} 

~ .. Enseco 

Method 8240 

Client Name: Woodward-Clyde Consultants 
Client ID: MW-4 
Lab ID: 015241-0004-SA 
Matrix: 
Authorized: 

AQUEOUS Sampled: 31 MAY 91 
03 JUN 91 Prepared: 04 JUN 91 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

110 
102 
92 

% 
% 
% 

Received: 03 JUN 91 
Analyzed: 07 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA • Not applicable 

Reported By: Robert Broderick Approved By: Mark Dymerski 

A Coming C<>mp.1ny 



I ~ .. Enseco 
Volatile Organics A Coming Company 

I Target Comhound List (TCL) 
Met od 8240 ., Client Name: Woodward-Clyde Consultants 

Client 10: MW-6A 
Lab 10: 015241-0005-SA 
Matrix: AQUEOUS Sampled: 31 MAY 91 Received: 03 JUN 91 

·a Authorized: 03 JUN 91 .;:~ Prepared: 04 JUN 91 Analyzed: 07 JUN 91 

Reporting 
Parameter Result Units Limit 

tl Acetone 3600 ug/L 3300 
Benzene NO ug/L 1600 

:I 
Bromodichloromethane NO ug/L 1600 
Bromoform NO ug/L 1600 
Bromomethane NO ug/L 3300 
2-Butanone fMEK) NO ug/L 3300 . 

I 
Carbon disu fide NO ug/L 1600 
Carbon tetrachloride NO ug/L 1600 
Chlorobenzene NO ug/L 1600 
Chloroethane NO ug/L 3300 

rt Chloroform NO ug/L 1600 
Chloromethane NO ug/L 3300 
Oibromochloromethane NO ug/L 1600 

!I 
1,1-0ichloroethane NO ug/L 1600 
1,2-0ichloroethane NO ug/L 1600 
1,1-0ichloroethene NO ug/L 1600 
1,2-0ichloroethene 

I btotal) NO ug/L 1600 
1,2- ichloro~ropane NO ug/l 1600 
cis-1,3-0ich oropropene NO ug/l 1600 
trans-1,3-0ichloropropene NO ug/l 1600 

tl Ethyl benzene 19000 ug/l 1600 
2-Hexanone NO ug/L 3300 
Methylene chloride . 400 ug/l 1600 J 

r1 
4-Methyl-2-pentanone 

(MIBK) NO ug/L 3300 
Styrene NO ug/l 1600 
1,1,2,2-Tetrachloroethane NO ug/l 1600 

' . Tetrachloroethene NO ug/l 1600 

I Toluene 25000 ug/l 1600 
1,1,1-Trichloroethane NO ug/l 1600 
1,1,2-Trichloroethane NO ug/l 1600 

I Trichloroethene NO ug/L 1600 
Vinyl acetate NO ug/l 3300 
Vinyl chloride NO ug/L 3300 

I 
Xylenes (total} 56000 ug/L 1600 
Hexane NO ug/L 
n-Butyl alcohol NO ug/l 
lsobutanol NO ug/l 66000 

' I NO • Not detected 
(continued on following page) 

NA • Not applicable 

Reported By: Robert Broderick Approved By: Mark Oymerski 
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------------------------------------------------------~Enseco 
Volatile Organics AComingComi"'"Y 

Target Compound List (TCL} 
Method 8240 

Client Name: Woodward-Clyde Consultants 
Client 10: MW-6A 
Lab 10: 015241-0005-SA 

AQUEOUS Sampled: 31 MAY 91 
03 JUN 91 Prepared: 04 JUN 91 

Matrix: 
Authorized: 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

107 
110 
89 

% 
% 
% 

Received: 03 JUN 91 
Analyzed: 07 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO • Not detected 
NA =Not applicable 

Reported By: Robert Broderick Approved By: Mark Dymerski 



I ;~ : Enseco 
Volatile Organics 

__, 
A Coming Company 

ll Target Com~ound List (TCL) 
Met ad 8240 

rl 
Client Name.: Woodward-Clyde Consultants 
Client ID: MW-6B 
Lab ID: 015241-0006-SA 
Matrix: AQUEOUS Sampled: 31 MAY 91 Received: 03 JUN 91 

~I 
Authorized: 03 JUN 9t .,_ Prepared: 04 JUN 91 Analyzed: 10 JUN 91 

Reporting 
Parameter Result Units Limit 

ra Acetone NO ug/L 50 
Benzene NO ug/L 25 

l 
Bromodichloromethane NO ug/L 25 
Bromoform NO ug/L 25 
Bromomethane NO ug/L 50 
2-Butanone ~MEK} NO ug/L 50 

I 
Carbon disu fide NO ug/L 25 
Carbon tetrachloride NO ug/L 25 
Chlorobenzene NO ug/L 25 
Chloroethane NO ug/L 50 

I Chloroform NO ug/L 25 
Chloromethane NO ug/L 50 
Oibromochloromethane NO ug/L 25 
1,1-0ichloroethane NO ug/L 25 

'I 1,2-0ichloroethane NO ug/L 25 
1,1-0ichloroethene NO ug/L 25 
1,2-0ichloroethene 

I 
btotal) 18 ug/L 25 J 

1,2- ichloro~ropane NO ug/L 25 
cis-1,3-0ich oropropene NO. ug/L 25 
trans-1,3-0ichloropropene NO ug/L 25 

I Ethyl benzene 170 ug/L 25 
2-Hexanone NO ug/L 50 
Methylene chloride 5.8 ug/L 25 J 

I 
4-Methyl-2-pentanone 

ug/L (MIBK) NO 50 
Styrene NO ug/L 25 
1,1,2,2-Tetrachloroethane NO ug/L 25 

I 
Tetrachloroethene NO ug/L 25 
Toluene 680 ug/L 25 
1,1,1-Trichloroethane NO ug/L 25 
1,1,2-Trichloroethane NO ug/L 25 

I Trichloroethene 11 ug/L 25 J 
Vinyl acetate NO ug/L 50 
Vinyl chloride NO ug/L 50 
Xylenes (total) 460 ug/L 25 

I Hexane NO ug/L 
n-Butyl alcohol NO ug/L 
Isobutanol NO ug/L 1000 

I (continued on following page} 

I 
NO • Not detected 
NA • Not applicable 

Reported By: Robert Broderick Approved By: Mark Oymerski 
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------------------------- ~ . ·Enseco 
Vo 1 at il e Organics .. A Coming Company 

Target Compound List (TCL) 
Method 8240 

Client Name: Woodward-Clyde Consultants 
Client 10: MW-6B 
Lab ID: 015241-0006-SA 

AQUEOUS Sampled: 31 MAY 91 
03 JUN 91 Prepared: 04 JUN 91 

Matrix: 
Authorized: 

Surrogate 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

Recovery 

106 
104 
88 

% 
% 
% 

Received: 03 JUN 91 
-Analyzed: 10 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA • Not applicable 

Reported By: Robert Broderick Approved By: Mark Dymerski 



I ·Enseco 
Volatile Organics A Coming Comp.m y 

I Target Com~ound List (TCL) 
Met od 8240 

I 
Client Name: Woodward-Clyde Consultants 
Client ID: MW-9 
Lab 10: 015241-0007-SA 
Matrix: AQUEOUS Sampled: 31 MAY 91 Received: 03 JUN 91 

:I Authorized: 03 JUN 91 Prepared: 04 JUN 91 Analyzed: 10 JUN 91 

Reporting 
Parameter Result Units Limit 

r.a Acetone NO ug/L 50 
Benzene NO ug/L 25 

:1 
Bromodichloromethane NO ug/L 25 
Bromoform NO ug/L 25 
Bromomethane NO ug/L 50 
2-Butanone ~MEK) NO ug/L 50 

I 
Carbon disu fide NO ug/L 25 
Carbon tetrachloride NO ug/L 25 
Chlorobenzene NO ug/L 25 
Chloroethane NO ug/L 50 

\I Chloroform NO ug/L 25 
Chloromethane NO ug/L 50 
Oibromochloromethane NO ug/L 25 

:a 
1,1-0ichloroethane NO ug/L 25 
1,2-0ichloroethane NO ug/L 25 
1,1-0ichloroethene NO ug/L 25 
1,2-0ichloroethene 

j ~total) NO ug/L 25 
1,2- ichloro~ropane NO ug/L 25 
cis-1,3-0ich oropropene NO ug/L 25 
trans-1,3-0ichloropropene NO ug/L 25 

I 

· ~a Ethyl benzene NO ug/L 25 
2-Hexanone NO ug/L 50 
Methylene chloride NO ug/L 25 

~I 
4-Methyl-2-pentanone 

(MIBK) NO ug/L 50 
Styrene NO ug/L 25 
1,1,2,2-Tetrachloroethane NO ug/L 25 

1-
Tetrachloroethene NO ug/L 25 
Toluene 460 ug/L 25 
1,1,1-Trichloroethane NO ug/L 25 
1,1,2-Trichloroethane NO ug/L 25 

:a Trichloroethene NO ug/L 25 
Vinyl acetate NO ug/L 50 
Vinyl chloride NO ug/L 50 

a. 
Xylenes (total) 9.8 ug/L 25 J 
Hexane NO ug/L 
n-Butyl alcohol NO ug/L 
Isobutanol NO ug/L 1000 

I 
NO • Not detected 

{continued on following page) 

·t NA =Not applicable 

Reported By: Robert Broderick Approved By: Mark Oymerski 
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Volatile Organics 
Target Compound List (TCL) 

Method 8240 

Client Name: Woodward-Clyde Consultants 
Client 10: MW-9 
Lab 10: 015241-0007-SA 
Matrix: 
Authorized: 

AQUEOUS Sampled: 31 MAY 91 
03 JUN 91 Prepared: 04 JUN 91 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

108 
101 
87 

% 
% 
% 

Received: 03 JUN 91 
Analyzed: 10 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA =Not applicable 

Reported By: Robert Broderick Approved By: Mark Dymerski 

Enseco 
A Cumin~ CDmp.m ~' 



I Enseco 
Volatile Organics A Cnmmg Cump.l n~· 

.I Target Com~ound List (TCL) 
Met od 8240 

rl 
Client Name: Woodward-Clyde Consultants 
Client 10: MW-10 
Lab 10: 015241-0008-SA 
Matrix: AQUEOUS Sampled: 31 MAY 91 Received: 03 JUN 91 

II Authorized: 03 JUN 91 Prepared: 04 JUN 91 Analyzed: 10 JUN 91 

Reporting 
Parameter Result Units Limit 

il Acetone NO ug/L 2000 
Benzene NO ug/L 1000 

I 
Bromodichloromethane NO ug/L 1000 
Bromoform NO ug/L 1000 
Bromomethane NO ug/L 2000 
2-Butanone fMEK) NO ug/L 2000 

I 
Carbon disu fide NO ug/L 1000 
Carbon tetrachloride NO ug/L 1000 
Chlorobenzene NO ug/L 1000 
Chloroethane NO ug/L 2000 

I. Chloroform NO ug/L 1000 
Chloromethane 670 ug/L 2000 J 
Oibromochloromethane NO ug/L 1000 
1,1-0ichloroethane NO ug/L 1000 

I' 1,2-0ichloroethane NO ug/L 1000 
1,1-0ichloroethene 660 ug/L 1000 J 
1,2-0ichloroethene 

I ~total) 290 ug/L 1000 J 
1,2- ichloro~ropane NO ug/L 1000 
cis-1,3-0ich oropropene NO ug/L 1000 
trans-1,3-0ichloropropene NO ug/L 1000 

~I 
Ethyl benzene 370 ug/L 1000 J 
2-Hexanone NO ug/L 2000 
Methylene chloride -23000 ug/L 1000 

I 
4-Methyl-2-pentanone 

(MIBK) NO ug/L 2000 
Styrene NO ug/L 1000 
1,1,2,2-Tetrachloroethane NO ug/L 1000 

I 
Tetrachloroethene 840 ug/L 1000 J 
Toluene 9000 ug/L 1000 
1,1,1-Trichloroethane 1400 ug/L 1000 
1,1,2-Trichloroethane NO ug/L 1000 

I Trichloroethene 1900 ug/L 1000 
Vinyl acetate NO ug/L 2000 
Vinyl chloride NO ug/L 2000 

' 
Xylenes (total) 1100 ug/L 1000 
Hexane NO ug/L 
n-Butyl alcohol NO ug/L 
lsobutanol NO ug/L 40000 

I 
NO = Not detected 

(continued on following page)· 

I NA z Not applicable 

Reported By: Robert Broderick Approved By: Mark Oymerski 
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Volatile Organics 
Target Compound List (TCL) 

Method 8240 

Client Name: Woodward-Clyde Consultants 
Client ID: MW-10 
Lab ID: 015241-0008-SA 
Matrix: 
Authorized: 

AQUEOUS Sampled: 31 MAY 91 
03 JUN 91 Prepared: 04 JUN 91 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

104 
99 
89 

% 
% 
% 

Received: 03 JUN 91 
Analyzed: 10 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA • Not applicable 

Reported By: Robert Broderick Approved By: Mark Dymerski 

Enseco 
A c~)mmg C.>mpdnV 



I Enseco 
Volatile Organics A Comtng Comp• nv 

I Target Com~ound List (TCL) 
Met od 8240 

I 
Client Name: Woodward-Clyde Consultants 
Client ID: MW-11 
Lab ID: 015241-0009-SA 
Matrix: AQUEOUS Sampled: 31 MAY 91 Received: 03 JUN 91 

:I Authorized: 03 JUN 91 Prepared: 04 JUN 91 Analyzed: 10 JUN 91 

Reporting 
Parameter Result Units Limit 

rt· Acetone 12 ug/L 10 
I . Benzene NO ug/L 5.0 

;I 
Bromodichloromethane NO ug/L 5.0 
Bromoform NO ug/L 5.0 
Bromomethane NO .ug/L 10 
2-Butanone ~MEK) NO ug/L 10 

I 
Carbon disu fide NO ug/l 5.0 
Carbon tetrachloride NO ug/l 5.0 
Chlorobenzene NO ug/L 5.0 
Ch 1 oroethane . NO ug/L 10 

I Chloroform NO ug/L 5.0 
Chloromethane NO ug/l 10 
Oibromochloromethane NO ug/l 5.0 

I 
1,1-0ichloroethane NO ug/L 5.0 
1,2-0ichloroethane NO ug/l 5.0 

I . 1,1-0ichloroethene NO ug/L 5.0 
1,2-0ichloroethene 

I btotal) 4.3 ug/l 5.0 J 
1,2- ichloro~ropane NO ug/l 5.0 
cis-1,3-0ich oropropene NO ug/l 5.0 
trans-1,3-0ichloropropene NO ug/L 5.0 

ll Ethyl benzene NO ug/l 5.0 
2-Hexanone NO ug/L 10 
Methylene chloride 1.0 ug/l 5.0 J 

il 
4-Methyl-2-pentanone 

(MIBK) NO ug/L 10 
l . Styrene NO ug/l 5.0 

1,1,2,2-Tetrachloroethane NO ug/l 5.0 

I 
Tetrachloroethene NO ug/l 5.0 
Toluene 1.6 ug/l 5.0 J 
1,1,1-Trichloroethane NO ug/l 5.0 
1,1,2-Trichloroethane NO ug/l 5.0 

I Trichloroethene 2.2 ug/L 5.0 J 
Vinyl acetate NO ug/L 10 
Vinyl chloride NO ug/L 10 

I 
Xylenes (total) NO ug/L 5.0 
Hexane NO ug/L 
n-Butyl alcohol NO ug/L 
Isobutanol NO ug/l 200 

I 
NO • Not detected 

(continued on following page) 

I NA =Not applicable 

I 
Reported By: Robert Broderick Approved By: Mark Oymerski 
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Volatile Organics 
Target Compound List {TCL} 

Method 8240 

Client Name: 
Client ID: 

Woodward-Clyde Consultants 
MW-11 

Lab ID: 015241-0009-SA 
Matrix: 
Authorized: 

AQUEOUS Sampled: 31 MAY 91 
03 JUN 91 Prepared: 04 JUN 91 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-0ichloroethane-d4 

91 
96 
90 

% 
% 
% 

Received: 03 JUN 91 
Analyzed: 10 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA =Not applicable 

Reported By: Robert Broderick Approved By: Mark Oymerski 

Enseco 
A Cumm~ Comp•nv 



I Enseco 
Volatile Organics .-\ Com in~ Componv 

I Target Comhound List (TCL) 
Met od 8240 

:e Client Name: Woodward-Clyde Consultants 
Client ID: MW-12 
Lab ID: 015241-0010-SA 
Matrix: AQUEOUS Sampled: 31 MAY 91 Received: 03 JUN 91 

:I 
Authorized: 03 JUN 91 Prepared: 04 JUN 91 Analyzed: 10 JUN 91 

Reporting 
Parameter Result Units Limit 

II Acetone 7.4 ug/L 10 J 
Benzene NO ug/L 5.0 
Bromodichloromethane NO ug/L 5.0 

il Bromoform NO ug/L 5.0 
Bromomethane NO ug/L 10 
2-Butanone ~MEK) NO ug/L 10 

I 
Carbon disu fide NO ug/L 5.0 
Carbon tetrachloride NO ug/L 5.0 
Chlorobenzene NO ug/L 5.0 
Chloroethane NO ug/L 10 

I Chloroform NO ug/L 5.0 
Chloromethane NO ug/L 10 
Oibromochloromethane NO ug/L 5.0 
1,1-0ichloroethane NO ug/L 5.0 

I 1,2-0ichloroethane NO ug/L 5.0 
1,1-0ichloroethene NO ug/L 5.0 
1,2-0ichloroethene 

I 
~total) 1.8 ug/L 5.0 J 

1,2- ichlorovropane NO ug/L 5.0 
cis-1,3-0ich oropropene NO ug/L 5.0 
trans-1,3-0ichloropropene NO ug/L 5.0 

ll Ethyl benzene NO ug/L 5.0 
2-Hexanone NO ug/L 10 
Methylene chloride 1.4 ug/L 5.0 J 

I 
4-Methyl-2-pentanone 

(MIBK) NO ug/L 10 
Styrene NO ug/L 5.0 
1,1,2,2-Tetrachloroethane NO ug/L 5.0 

I 
Tetrachloroethene NO ug/L 5.0 
Toluene 5.7 ug/L 5.0 
1,1,1-Trichloroethane NO ug/L 5.0 
1,1,2-Trichloroethane NO ug/L 5.0 

I Trichloroethene NO ug/L 5.0 
Vinyl acetate NO ug/L 10 
Vinyl chloride 3.1 ug/L 10 J 
Xylenes (total) NO ug/L 5.0 

I Hexane NO ug/L 
n-Butyl alcohol NO ug/L 
Isobutanol NO ug/l 200 

I 
NO a Not detected 

(continued on following page) 

I NA =Not applicable 

Reported By: Robert Broderick 

I 
Approved By: Mark Oymerski 

I ~ ~ 
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Volatile Organics 
Target Compound List (TCL} 

Method 8240 

Client Name: Woodward-Clyde Consultants 
Client 10: MW-12 
Lab 10: 015241-0010-SA 
Matrix: AQUEOUS Sampled: 31 MAY 91 

~ 03 JUN 91 Prepared: 04 JUN 91 Authorized: 

Surrogate 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

Recovery 

100 
97 
90 

% 
% 
% 

Received: 03 JUN 91 
Analyzed: 10 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA =Not applicable 

Reported By: Robert Broderick Approved By: Mark Dymerski 

Enseco 
.-\ Coming CnmpJny 



I Enseco Volatile Organics A C~..~ming CJmp.m y 

I Target Com~ound List (TCL) 
Met od 8240 

I 
Client Name: Woodward-Clyde Consultants 
Client ID: MW-14 
lab ID: 015241-0011-SA 
Matrix: AQUEOUS Sampled: 31 MAY 91 Received: 03 JUN 91 

I 
Authorized: 03 JUN 91 Prepared: 04 JUN 91 Analyzed: 10 JUN 91 

Reporting 
Parameter Result Units Limit 

:I Acetone NO ug/L 50 
Benzene NO ug/L 25 
Bromodichloromethane NO ug/L 25 

:I Bromoform NO ug/L 25 
Bromomethane NO ug/L 50 
2-Butanone ~MEK) NO ug/L 50 

~,, 
Carbon disu fide NO ug/L 25 
Carbon tetrachloride NO ug/l 25 
Chlorobenzene NO ug/l 25 
Chloroethane NO ug/l 50 

ll Chloroform NO ug/l 25 
Chloromethane NO ug/l 50 
Oibromochloromethane NO ug/l 25 
1,1-0ichloroethane NO ug/l 25 

[I 1,2-0ichloroethane NO ug/l 25 
1,1-0ichloroethene NO ug/l 25 
1,2-0ichloroethene 

!I 
~total) NO ug/l 25 

1,2- ichloro~ropane NO ug/l 25 
cis-1,3-0ich oropropene NO ug/l 25 
trans-1,3-Dichloropropene NO ug/l 25 

:I Ethyl benzene NO ug/l 25 
2-Hexanone NO ug/l 50 
Methylene chloride NO ug/l 25 

[I, 
4-Methyl-2-pentanone 

ug/l (MIBK) NO 50 
Styrene NO ug/l 25 
1,1,2,2-Tetrachloroethane NO ug/l 25 

\I 
Tetrachloroethene NO ug/l 25 
Toluene 410 ug/l 25 
1,1,1-Tri~hloroethane NO ug/l 25 
1,1,2-Trichloroethane NO ug/l 25 

il Trichloroethene NO ug/l 25 
Vinyl acetate NO ug/l 50 
Vinyl chloride NO ug/l 50 
Xylenes {total) 7.3 ug/l 25 J 

' 
Hexane NO ug/l 
n-Butyl alcohol NO ug/l 
lsobutanol NO ug/l 1000 

I 
{continued on following page) 

I NO = Not detected 
NA 3 Not applicable 

Reported By: Robert Broderick 

I 
Approved By: Mark Oymerski 

I :~ 
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Volatile Organics 
Target Compound List (TCL) 

Method 8240 

Client Name: Woodward-Clyde Consultants 
Client ID: MW-14 
Lab ID: 015241-0011-SA 
Matrix: 
Authorized: 

AQUEOUS Sampled: 31 MAY 91 
03 JUN 91 Prepared: 04 JUN 91 

Surrogate Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-0ichloroethane-d4 

96 
93 
92 

% 
% 
% 

Received: 03 JUN 91 
Analyzed: 10 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA = Not applicable 

Reported By: Robert Broderick Approved By: Mark Oymerski 

Enseco 
A Com in!( CllmrJ ny 



I Enseco 
Volatile Organics A Commg Cl1mp .. m y 

I Target Comhound List (TCL) 
Met od 8240 

-, Client Name: Woodward-Clyde Consultants 
Client ID: TB-1 
Lab ID: 015241-0012-TB 
Matrix: AQUEOUS Sampled: 31 MAY 91 Received: 03 JUN 91 

;I Authorized: 03 JUN 91 Prepared: 04 JUN 91 Analyzed: 10 JUN 91 

Reporting 
Parameter Result Units Limit 

ll Acetone NO ug/L 10 
Benzene NO ug/L 5.0 

I 
Bromodichloromethane NO ug/L 5.0 
Bromoform NO ug/L 5.0 
Bromomethane NO ug/L 10 
2-Butanone ~MEK) NO ug/L 10 

I 
Carbon disu fide NO ug/L 5.0 
Carbon tetrachloride NO ug/L 5.0 
Chlorobenzene NO ug/L 5.0 
Chloroethane NO ug/L 10 

I Chloroform 1.1 ug/L 5.0 J 
Chloromethane NO ug/L 10 
Oibromochloromethane NO ug/L 5.0 

I 
1,1-0ichloroethane NO ug/L 5.0 
1,2-0ichloroethane NO ug/L 5.0 
1,1-0ichloroethene NO ug/l 5.0 
1,2-0ichloroethene 

I btotal) NO ug/L 5.0 
1,2- ichloro~ropane NO ug/L 5.0 
cis-1,3-0ich oropropene NO ug/L 5.0 
trans-1,3-0ichloropropene NO ug/L 5.0 

I Ethyl benzene NO ug/L 5.0 
2-Hexanone NO ug/L 10 
Methylene chloride NO ug/L 5.0 

I 
4-Methyl-2-pentanone 

(MIBK) NO ug/L 10 
Styrene NO ug/L 5.0 
1,1,2,2-Tetrachloroethane NO ug/L 5.0 

I 
Tetrachloroethene NO ug/L 5.0 
Toluene 2.5 ug/L 5.0 J 
1,1,1-Trichloroethane NO ug/L 5.0 
1,1,2-Trichloroethane NO ug/L 5.0 

I Trichloroethene NO ug/L 5.0 
Vinyl acetate NO ug/L 10 
Vinyl chloride NO ug/L 10 

I 
Xylenes (total) NO ug/L 5.0 
Hexane NO ug/L 
n-Butyl alcohol NO ug/L 
lsobutanol NO ug/L 200 

I 
NO = Not detected 

(continued on following page) 

I NA =Not applicable 

I 
Reported By: Robert Broderick Approved By : Mark Oymerski 

I ~~ 
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Client Name: 
Client 10: 
Lab ID: 
Matrix: 
Authorized: 

Surrogate 

Volatile Organics 
Target Compound List (TCL) 

Method 8240 

Woodward-Clyde Consultants 
TB-1 
015241-0012-TB 
AQUEOUS Sampled: 31 MAY 91 
03 JUN 91 Prepared: 04 JUN 91 

Recovery 

Toluene-dB 
4-Bromofluorobenzene 
1,2-Dichloroethane-d4 

95 
98 
89 

% 
% 
% 

Received: 03 JUN 91 
Analyzed: 10 JUN 91 

Note J : Result is detected below the reporting limit or is an 
estimated concentration. 

NO = Not detected 
NA =Not applicable 

Reported By: Robert Broderick Approved By: Mark Dymerski 

Enseco 
A Comm~ Cump• ny 
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Enseco 
A Cumm,.; Cump.m y 

Quality Control Results 

The Enseco laboratories operate under a vigorous QA/QC program~esigned to 
ensure the generation of scientifically valid, legally defensible data by 
monitoring every aspect of laboratory operations. Routine QA/QC procedures 
include the use of approved methodologies, independent verification of 
analytical standards, use of duplicate Laboratory Control Samples to assess 
the precision and accuracy of the methodology on a routine basis, and a 
rigorous system of data review. 

In addition, the Enseco laboratories maintain a comprehensive set of 
certifications from both state and federal governmental agencies which require 
frequent analyses of blind audit samples. Enseco - Rocky Mountain Analytical 
Laboratory is certified by the EPA under the EPA/CLP program for both Organic 
and Inorganic analyses, under the USATHAMA (U.S. Army) program, by the Army 
Corps of Engineers, and the states of Colorado, New Jersey, New York, Utah, 
and Florida, among others. 

The standard laboratory QC package is d_esigned to: 

1) establish a strong, cost-effective QC program that ensures the 
generation of scientifically valid, legally defensible data 

2) assess the laboratory's performance of the analytical method 
using control limits generated with a well-defined matrix 

3) establjsh clear-cut guidelines for acceptability of analytical 
data so that QC decisions can be made immediately at the bench, 
and 

4) provide a standard set of reportables which assures the client 
of the quality of his data. 
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Enseco 
A Com ing Cump.1 n~' 

The Enseco QC program is based upon monitoring the prec1s1on and accuracy 
of an analytical method by analyzing a set of Duplicate Control Samples (DCS) 
at frequent, well-defined intervals. Each DCS is a well-characterized matrix 
whi~h is spiked with target compounds at 5-100 times the reporting limit, 
depending upon the methodology being monitored. The purpose of the DCS is not 
to duplicate the sample matrix, but rather to provide an interference-free, 
homogeneous matrix from which to gather data to establish control limits. 
These limits are used to determine whether data generated by the laboratory on 
any given day is in control. 

Control limits for accuracy (percent recovery) are based on the average, 
historical percent recovery+/- 3 standard deviation units. Control limits 
for precision (relative percent difference) range from 0 (identical duplicate 
DCS results) to the average, historical relative percent difference + 3 
standard deviation units. These control limits are fairly narrow based on the 
consistency of the matrix being monitored and are updated on a quarterly 
basis. 

For each batch of samples analyzed, an additional control measure is taken 
in the form of a Single Control Sample (SCS). The SCS consists of a control 
matrix that is spiked with either representative target compounds or surrogate 
compounds appropriate to the method being used. An SCS is prepared for each 
sample lot for which the DCS pair are not analyzed. 

Accuracy for DCS and SCS is measured by Percent Recovery. 

Measured Concentration 
% Recovery = X 100 

Actual Concentration 

Precision for DCS is measured by Relative Percent Difference (RPD). 

RPD = 
I Measured Concentration DCS1 - Measured Concentration DCS2 1 

(Measured Concentration DCS1 + Measured Concentration DCS2)/2 
X 100 
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Enseco 
:\ Comm~ Compc1ny 

All samples analyzed concurrently by the same test are assigned the same 
QC lot number. Projects which contain numerous samples, analyzed aver several 
days, may have multiple QC lot numbers associated with each test. The QC 
information which follows includes a listing of the QC lot numbers associated 
with each of the samples reported, DCS and SCS (where applicable) recoveries 
from the QC lots associated with the samples, and control limits for these 
lots. The QC data is reported by test code, in the order that the tests are 
reported in the analytical results section of this report. 



I 
II QC LOT ASSIGNMENT REPORT 
· Volatile Organics by GC/MS 

J Laboratory 
Sample Number 

:.1 015241-0001-SA 
015241-0002-SA 
015241-0003-SA 

'

1

·:1 015241-0004-SA 
015241-0005-SA 
015241-0006-SA 
015241-0007-SA 

[

1

1 015241-0008-SA 
015241-0009-SA 
015241-0010-SA 

I 
015241-0011-SA 
015241-0012-TB 

I 
I 
I 
:I 
ll 
I 
I 
I 
I 
I 
I 
I 

QC Matrix 

AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 
AQUEOUS 

QC Category 

624-A 
624-A 
624-A 
624-A 
624-A 
624-A 
624-A 
624-A 
624-A 
624-A 
624-A 
624-A 

Enseco 

QC Lot Number QC Run Number 
(DCS) (SCS/BLANK) 

03 JUN 91-F 09 JUN 91-F 
03 JUN 91-F 09 JUN 91-F 
03 JUN 91-F 09 JUN 91-F 
03 JUN 91-F 06 JUN 91-F 
03 JUN 91-F 06 JUN 91-F 
03 JUN 91-F 09 JUN 91-F 
03 JUN 91-F 09 JUN 91-F 
03 JUN 91-F 10 JUN 91-F 
03 JUN 91-F 09 JUN 91-F 
03 JUN 91-F 09 JUN 91-F 
03 JUN 91-F 09 JUN 91-F 
03 JUN 91-F 09 JUN 91-F 



I 
I DUPLICATE CONTROL SAMPLE REPORT 

Volatile Organics by GC/MS 

.1 Analyte 

I Category: 624-A 
Matrix: AQUEOUS 'I QC Lot: 03 JUN 91-F 

. Concentration Units: 

.I 

I 

1,1-0ichloroethene 
Trichloroethene 
Benzene 
Toluene 
Chlorobenzene 

ug/L 

Concentration 
Spiked Measured 

DCS1 DCS2 AVG 

50 
50 
50 
50 
50 

53.6 
46.1 
48.0 
50.1 
47.7 

51.1 
47.0 
47.9 
50.8 
49.7 

52.4 
46.6 
48.0 
50.4 
48.7 

- ~: Enseco 
A Coming C0mpan~· 

Accuracy P.rec is ion 
Average(%) (RPD) 

DCS Limits DCS Limit 

105 61-145 
93 71-120 
96 76-127 

101 76-125 
97 75-130 

4.8 
1.9 
0.2 
1.4 
4.1 

14 
14 
11 
13 
13 

[II Calculations are performed before rounding to avoid round-off errors in calculated results. 

11 
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A Comtn~ Cumpdn~· 

SINGLE CONTROL SAMPLE REPORT 
Volatile Organics by GC/MS 

Concentration Accuracy(%) 
Analyte Spiked Measured SCS · Limits 

Cate~ory: 624-A 
Matr1x: AQUEOUS 
QC Lot: 03 JUN 91-F QC Run: 09 JUN 91-F 
Concentration Units: ug/L 

1,2-Dichloroethane-d4 50.0 46.6 93 76-114 
4-Bromofluorobenzene 50.0 52.5 105 B6-115 
Toluene-dB 50.0 52.4 105 BB-110 

Cate~ory: 624-A 
Matr1x: AQUEOUS 
QC Lot: 03 JUN 91-F QC Run: 06 JUN 91-F 
Concentration Units: ug/L 

1,2-Dichloroethane-d4 50.0 45.3 91 76-114 
4-Bromofluorobenzene 50.0 53.2 106 B6-115 
Toluene-dB -. 50.0 55.2 110 BB-110 

Cate~ory: 624-A 
Matr1x: AQUEOUS 
QC Lot: 03 JUN 91-F QC Run: 10 JUN 91-F 
Concentration Units: ug/L 

1,2-Dichloroethane-d4 50.0 45.1 90 76-114 
4-Bromofluorobenzene 50.0 49.2 9B B6-115 
Toluene-dB -50.0 49.1 9B BB-110 

Calculations are performed before rounding to avoid round-off errors in calculated results. 

:! 



I Enseco 
A Comang Company 

I METHOD BLANK REPORT 
Volatile Organics by GC/MS 

I Analyte Result Units 
ReEorting 

imit 

I Test: 8240CP-TCL-AP 
Matrix: AQUEOUS 
QC Lot: 03 JUN 91-F QC Run: 09 JUN 91-F -I Acetone NO ug/L 10 
Benzene NO ug/L 5.0 

., _ Bromodichloromethane NO ug/L 5.0 
Bromoform NO ug/L 5.0 
Bromomethane NO ug/L 10 

' 2-Butanone ~MEK) NO ug/L 10 

I 
Carbon disu fide NO ug/L 5.0 
Carbon tetrachloride NO ug/L 5.0 
Chlorobenzene NO ug/L 5.0 
Chloroethane NO ug/L 10 

I Chloroform NO ug/L 5.0 
Chloromethane NO ug/L 10 
Dibromochloromethane NO ug/L 5.0 

I 
1,1-Dichloroethane NO ug/L 5.0 
1,2-Dichloroethane NO ug/L 5.0 
1,1-Dichloroethene NO ug/L 5.0 
1,2-Dichloroethene 

I ~total{ NO ug/L 5.0 
1, -Dich oro~ropane NO ug/L 5.0 
cis-1,3-Dich oropropene NO ug/L 5.0 
trans-1,3-Dichloropropene NO ug/L 5.0 

I Ethyl benzene NO ug/L 5.0 
2-Hexanone NO ug/L 10 
Methylene chloride NO ug/L 5.0 

' 
4-Methyl-2-pentanone 

(MIBK) NO ug/L 10 
Styrene NO ug/L 5.0 
1,1,2,2-Tetrachloroethane NO ug/L 5.0 

' 
Tetrachloroethene NO ug/L 5.0 
Toluene NO ug/L 5.0 
1,1,1-Trichloroethane NO ug/L 5.0 
1,1,2-Trichloroethane NO ug/L 5.0 

' 
Trichloroethene NO ug/L 5.0 
Vinyl acetate NO ug/L 10 
Vinyl chloride NO ug/L 10 

I 
Xylenes (total) NO ug/L 5.0 
Hexane NO ug/L 
n-Butyl alcohol NO ug/L 
lsobutanol NO ug/L 200 

11 
I 
I 
I ?! ~! 



II ~. Enseco 
A Commg Cvmp• m· 

II METHOD BLANK REPORT 
Volatile Organics by GC/MS (cont.) 

Jl Analyte Result Units 
Reporting 

Li ini t 

ll Test: 8240CP-TCL-AP 
Matrix: AQUEOUS 
QC Lot: 03 JUN 91-F QC Run: 06 JUN 91-F 

-Acetone NO ug/L 10 
Benzene NO ug/L 5.0 
Bromodichloromethane ND ug/L 5.0 

-Bromoform NO ug/L 5.0 
Bromomethane NO ug/L 10 
2-Butanone ~MEK) ND ug/L 10 

II 
Carbon disu fide NO ug/L 5.0 
Carbon tetrachloride NO ug/L 5.0 
Chlorobenzene ND ug/L 5.0 
Chloroethane ND ug/L 10 

I Chloroform ND ug/L 5.0 
Chloromethane NO ug/L 10 
Dibromochloromethane NO ug/L 5.0 
1,1-Dichloroethane NO ug/L 5.0 

rl 1,2-Dichloroethane NO ug/L 5.0 
1,1-Dichloroethene NO ug/L 5.0 
1,2-Dichloroethene 

II 
~total~ NO ug/L 5.0 

1, -Dich oro~ropane NO ug/L 5.0 
cis-1,3-Dich oropropene N(} .. ug/L 5.0 
trans-1,3-Dichloropropene ND ug/L 5.0 

.I Ethyl benzene NO ug/L 5.0 
2-Hexanone ND ug/L 10 
Methylene chloride ,1.5 ug/L 5.0 J 
4-Methyl-2-pentanone 

I (MIBK) NO ug/L 10 
Styrene NO ug/L 5.0 
1,1,2,2-Tetrachloroethane NO ug/L 5.0 
Tetrachloroethene NO ug/L 5.0 

:I Toluene NO ug/L 5.0 
1,1,1-Trichloroethane ND ug/L 5.0 
1,1,2-Trichloroethane ND ug/L 5.0 

I 
Trichloroethene ND ug/L 5.0 
Vinyl acetate NO ug/L 10 
Vinyl chloride ND ug/L 10 
Xylenes (total) NO ug/L 5.0 

I Hexane ND ug/L 
n-Butyl alcohol NO ug/L 
Isobutanol ND ug/L 200 

I 
I 
I 
I ~ ~~ 
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CHAIN OF CUSTODY RECORD 
WOODWARD-CLYDE CONSULTANTS • 5055 ANTIOCH ROAD • OVERLAND PARK, KANSAS 66203 • 913-432-4242 

SAMPLER(St? h /-?) PROJECT NAME 6 I~ /ClEo /CL!K") I~ Of GOLIJgiON 9 I f HEll 

.1/RIS IT~qEI<A .5J-~CLLE.e- Df3C. ~A w- ~-mJrJ/ of I 
CONTENTS OF SHIPMENT ~~ \)1.4(..$ Pt<R."5Er) 

TYPE Of CONTAINERS SAMPLED MEOlA REaMNG LAIOIIATOIIY 
SAMPLE 

~ 
VOASET I ~ Clllllt RUWIIt$/OTHEII tllfOII~TION 

NUMBER ~UIITIJAil amu iiffiiT I 
~~ ol llllftDift UIIOft ,_,._ 

NUMBERS Of CONTAINERS PER SAt.lPLE NUMBER 1 Ollllf 111111111 lllllftllefl . IIC l 

Mu)-1 IS~- I I X '\ 

J11w-d- 2. J x t1J3115£ A)l'n: -v 

fo1tv-3 .3 I 1. 
Mt0- f 4- I '(.. !tiE /2_ ~!V1PtES 
}\-1~;- (rf} 5 I 'I- 'AJ5 TE.J> c."':J1.. 7fft.5 
l'r1 tA) -! L' 13 ' I x {' it14 J II - ~ F- C u 57V 1> 'i' 

lfo/U-~- 9 i I 1- ~ ~ lo 
/1--1 £,-t) -/c. f_ I ;< 73!3 A;JALY~E'Z:> loR 
folt-.J -I I 9 I j. VOA MIE.THOD 

/VI vJ -1 C7- lit I ;< _&_a_jQ_ o/ Ll:S 

f\-!t-0 - I tf " I 1?£ MF THI./L 
1 

15CBu-r;JL-

TB- I IL I ~ 
, 

n- hexA/JEE cE.TO"'€. 

i(J V1 AL tJIIt.-Y) au~JoL-
., 

I '!< 0/'rt_"]) 

DESCRIPTION OF SHIPMENT MODE OF SHIPMENT 
~ -

I PIECE($) CONSISTING OF I ICE CHEST(S) ~COMMERCIAL CARRIER: .f-'-::CJ2eell L f---_X 1'I.A P<& 

' 
RECEIVING LABORATORY: ~ /I)SECo - 'K. #11ft- --COURIER 

-SAMPLER CONVEYED (SHIPPING DOCUMENT NUMBER) 

PERSONNEL CUSTODY RECORD 

RE~~,O~ERI 
IOATE TIME RECEIIIEO BY REASON FOR CHANGE OF CUSTOOY 

t:h,v;o ~ / ~ {c.--/-~) 1z:oc {:E1)eJ!AL £~~ ~nP h ~ lt/30/l~~y 
~SEAL£ EALEOr 1)::1 SEALEO UNSEALEO f 
RELtNQUISHEO BY DATE TIME RECEIIIEO BY {.b~ REASONFORCHANGEOFCUSTOOY 

&na.c, (}""I 
o~O 39'----St 

hsEALEO UNSEALEOr i=:n_EALEO UNSEALEO[ 

RELINQUISHED BY DATE TIME RECEIIIEO BY REASON FOR CHANGE OF CUSTOOY 

hsEALEO UNSEALEor' hsEALEO UNS~LEOr ;~ 


